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METHOD AND APPARATUS FOR
ELECTROMAGNETIC TREATMENT OF
HEAD, CEREBRAL AND NEURAL INJURY
IN ANIMALS AND HUMANS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/389,038 filed Oct. 1, 2010 and U.S.
Provisional Application No. 61/456,310 filed Nov. 4, 2010,
the disclosure of which is incorporated by reference as if
fully set forth herein.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the
same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

FIELD

Described herein are electromagnetic treatment devices,
systems and methods. Some embodiments pertain generally
to a method and apparatus for therapeutic and prophylactic
treatment of animal and human nervous system. In particu-
lar, some embodiments pertain to use of non-thermal time-
varying electromagnetic fields configured to accelerate the
asymmetrical kinetics of the binding of intracellular ions to
their respective binding proteins which regulate the bio-
chemical signaling pathways living systems employ to con-
tain and reduce the inflammatory response to injury. Other
embodiments pertain to the non-thermal application of
repetitive pulse bursts of sinusoidal, rectangular, chaotic or
arbitrary waveform electromagnetic fields to instanta-
neously accelerate ion-buffer binding in signaling pathways
in animal and human nervous system using ultra lightweight
portable coupling devices such as inductors and electrodes,
driven by miniature signal generator circuitry that can be
incorporated into an anatomical positioning device such as
a dressing, bandage, compression bandage, compression
dressing; lumbar or cervical back, shoulder, head, neck and
other body portion wraps and supports; garments, hats, caps,
helmets, mattress pads, seat cushions, beds, stretchers, and
other body supports in cars, motorcycles, buses, trains,
airplanes, boats, ships and the like.

Yet another embodiment pertains to application of sinu-
soidal, rectangular, chaotic or arbitrary waveform electro-
magnetic signals, having frequency components below
about 100 GHz, configured to accelerate the binding of
intracellular Ca®* to a buffer, such as CaM, to enhance
biochemical signaling pathways in animal and human ner-
vous system. Signals configured according to additional
embodiments produce a net increase in a bound ion, such as
Ca®*, at CaM binding sites because the asymmetrical kinet-
ics of Ca/CaM binding allows such signals to accumulate
voltage induced at the ion binding site, thereby accelerating
voltage-dependent ion binding. Examples of therapeutic and
prophylactic applications of the present invention are modu-
lation of biochemical signaling in anti-inflammatory path-
ways, modulation of biochemical signaling in cytokine
release pathways, modulation of biochemical signaling in
growth factor release pathways; edema and lymph reduc-
tion, anti-inflammatory, post surgical and post operative pain
and edema relief, nerve, bone and organ pain relief,
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increased local blood flow, microvascular blood perfusion,
treatment of tissue and organ ischemia, brain tissue ischemia
from stroke or traumatic brain injury, treatment of neuro-
logical injury and neurodegenerative diseases such as
Alzheimer’s and Parkinson’s; angiogenesis, neovasculariza-
tion; enhanced immune response; enhanced effectiveness of
pharmacological agents; nerve regeneration; prevention of
apoptosis; modulation of heat shock proteins for prophylaxis
and response to injury or pathology.

Some embodiments can also be used in conjunction with
other therapeutic and prophylactic procedures and modali-
ties such as heat, cold, light, ultrasound, mechanical manipu-
lation, massage, physical therapy, wound dressings, ortho-
pedic and other surgical fixation devices, and surgical
interventions. In addition, any of the variations described
herein can also be used in conjunction with one or more
pharmacological agents. Any of the variations described
herein can also be used with imaging or non-imaging
diagnostic procedures.

In some variations the systems, devices and/or methods
generally relate to application of electromagnetic fields
(EMF), and in particular, pulsed electromagnetic fields
(PEMF), including a subset of PEMF in a radio frequency
domain (e.g., pulsed radio frequency or PRF), for the
treatment of head, cerebral and neural injury, including
neurodegenerative conditions in animals and humans.

BACKGROUND

Traumatic brain injury (hereinafter known as TBI)
remains as one of the leading causes of morbidity and
mortality for civilians and for soldiers on the battlefield and
is a major health and socio-economic problem throughout
the world. In currently deployed war-fighters, head injuries,
the majority of which include the brain, account for 22% of
all injuries and 56% of those are classified as moderate to
severe. In January 2008, the Department of Defense reported
that over 5,500 soldiers had suffered traumatic brain injury
caused by explosive weaponry, including suicide bombings,
mines that explode on impact, and missiles. In addition to
the immediate needs of the wounded, traumatic brain injury
may create long-term or even permanent cognitive, motor,
and sensory disabilities that require ongoing support, reha-
bilitation, and treatment.

Additionally, traumatic brain injury is also a significant
cause of death in civilians. Epidemiological data indicate
that in the US, at least 1.4 to 2 million people are treated for
traumatic brain injury every year, resulting in 56,000 deaths
and 18,000 survivors suffering from neurological impair-
ment. Annual costs in the US are estimated at $60 billion.
The World Health Organization projected that by 2020, road
traffic accidents, a major cause of traumatic brain injury, will
rank third as a cause of the global burden of disease and
disablement, behind only ischemic heart disease and unipo-
lar depression. Recently, the demographics of traumatic
brain injury have shifted to include more cases due to falls
in middle-aged and older subjects. It is predicted that there
will be 5 million head injuries over the next decade and 30
million worldwide.

Tissue damage from head injuries such as traumatic brain
injury generally arises from the mechanical damage of the
trauma event and subsequent secondary physiological
responses to the trauma event. For example, moderate to
severe traumatic brain injury can produce mechanical dam-
age by direct trauma to brain tissue that can cause the
disruption of cell membranes and blood vessels, resulting in
direct and ischemic neuronal death. Then, secondary physi-
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ological responses such as inflammation and swelling can
result in further damage and even death of healthy brain
tissue. Importantly, even in the absence of direct mechanical
injury (i.e. diffuse brain trauma), such secondary physiologi-
cal responses can still occur and result in injury to healthy
brain tissue. For example, astrocytes and microglia often
react to head injury conditions and by secreting destructive
cytokines (e.g. IL-1f, TNF-a, IFN-y, and IL.-6) as well as
other inflammatory molecules, such as glutamate, reactive
oxygen and nitrogen species, which, alone, or in combina-
tion, can be neurotoxic.

While the primary and immediate consequences of
mechanical trauma to neurons cannot be undone, secondary
pathological sequelae, specifically brain swelling and
inflammation, are situational candidates for intervention.
The toll of neurological deficits and mortality from TBI
continue in the military and private sectors and, to date, there
are no widely successful medical or surgical interventions to
prevent neuronal death.

Current medical practice has attempted to use pharma-
ceuticals to mitigate and prevent tissue damage and injury
resulting from secondary physiological responses of trau-
matic brain injury with little success. For example, intrave-
nous, high-dose corticosteroids have been administered to
reduce cerebral inflammation after traumatic brain injury,
but several studies have demonstrated that steroids can be
neurotoxic. In fact, results from a clinical randomized trial
in 2005 tested whether a high dose regimen of the steroid
methylprednisolone sodium succinate (MPSS), adminis-
tered within 8 hours after injury, would improve survival
after head injury. This trial was planned to randomize 20,000
patients and was powered to detect a drop in mortality from
15% to 13%, a small, but important improvement in out-
come. However, the data and safety monitoring board halted
the trial after half of the patients were enrolled as it became
apparent that MPSS significantly increased mortality of
severe injuries from 17.9% to 21.1% (p=0.0001).

The search for alternatives to improve morbidity and
mortality from traumatic brain injury has not been fruitful.
At least 21 multi-center clinical trials, aimed to determine
the clinical value of a range of approaches, from steroids to
calcium and glutamate antagonists to antioxidants and anti-
fibrinolytic agents and hypothermia were conducted from
1985 to 2006, but unfortunately none have demonstrated a
convincing benefit in the overall traumatic brain injury
population. In spite of extremely promising pre-clinical data
and early phase trials, no agent has yet been shown con-
vincingly in a phase III trial to have clear benefit in terms of
improving functional outcome after traumatic brain injury.
Importantly, a common problem in these pharmacological
approaches is that all of the candidate drugs had potential
deleterious side effects on non-target tissue. In fact, the
development of pharmaceutical agents for traumatic brain
injury has all but ceased with increasing reluctance of the
pharmaceutical industry to sponsor the testing of new can-
didate therapies as uncertainty remains regarding benefit.

Given the absence of treatment options for head trauma,
there is a need for a therapy that can target and reduce
secondary physiological responses such as inflammation,
swelling, and intracranial pressure while also promoting
repair and regrowth in and around the injured area. While
EMF treatments have been explored for a variety of uses, the
possible benefits of PEMF in treating or preventing neuro-
logical injury and degenerative conditions such as TBI,
subarachnoid hemorrhage, brain ischemia, stroke, and
Alzheimer’s or Parkinson’s Disease are relatively unknown.
This is in part due to the fact that the secondary physiologi-
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cal responses (e.g. inflammatory) in the central nervous
system (CNS) differ from that of the periphery systems for
which PEMF is currently used. Moreover, attention has been
focused on pharmaceutical treatments until recently.
Accordingly, embodiments of the present invention address
this need and provide methods and devices using PEMF to
treat patients suffering from neurological injury (such as
traumatic brain injury) and secondary physiological
responses arising from that injury.

Transient elevations in cytosolic Ca®*, from external
stimuli as simple as changes in temperature and receptor
activation, or as complex as mechanical disruption of tissue,
will activate CaM. Once Ca** ions are bound, a conforma-
tional change will allow CaM bind to and activate a number
of key enzymes involved in cell viability and function, such
as the endothelial and neuronal constitutive nitric oxide
synthases (cNOS); eNOS and nNOS, respectively. As a
consequence, NO is rapidly produced, albeit in lower con-
centrations than the explosive increases in NO produced by
inducible NOS (iNOS), during the inflammatory response.
In contrast, these smaller, transient increases in NO pro-
duced by Ca/CaM-binding will activate soluble guanylyl
cyclase (sGC), which will catalyze the formation of cyclic
guanosine monophosphate (¢cGMP). The CaM/NO/cGMP
signaling pathway can rapidly modulate blood flow in
response to normal physiologic demands, as well as to
inflammation. Importantly, this same pathway will also
rapidly attenuate expression of cytokines such as interleu-
kin-1beta (IL-1f), and iNOS and stimulate anti-apoptotic
pathways in neurons. All of these effects are mediated by
calcium and cyclic nucleotides, which in turn regulate
growth factors such as basic fibroblast growth factor (FGF-
2) and vascular endothelial growth factor (VEGF), resulting
in pleiotrophic effects on cells involved in tissue repair and
maintenance.

In general, inflammatory response in the brain differs
from that in other organs. It is exemplified by a more modest
and delayed recruitment of leukocytes into the brain than
into peripheral organs. Brain microglia, in contrast, are
activated and release inflammatory mediators beginning
within minutes to hours after TBI. The mediators often
express neurotoxic and neuroprotective properties. For
example, cytokines may either promote damage or support
recovery processes; in some cases, cytokines, such as inter-
leukin-6, may perform both functions.

This invention teaches that rapid intervention after trau-
matic head, cerebral and neural injury with electromagnetic
fields configured to rapidly modulate the biochemical sig-
naling cascades animals and humans employ in response to
physical and chemical perturbations will significantly
reduce the pathological consequences of such injuries,
thereby reducing morbidity and the cost of health care.

Bone growth stimulator (hereinafter known as BGS)
electromagnetic fields are now part of the standard arma-
mentarium of orthopedic practice worldwide for the treat-
ment of recalcitrant bone fractures. Radio frequency signals,
originally developed for deep tissue heating (diathermy),
were shown to produce biological effects when applied at
non-thermal levels using pulse-modulation techniques to
produce pulsed radio frequency (hereinafter known as PRF)
signals, which is a subset frequency band within PEMF. At
the cellular level, numerous studies demonstrate that BGS,
PRF and other electromagnetic field (hereinafter known as
EMF) signals modulate the release of growth factors and
cytokines.

Stimulation of transforming growth factor beta (“TGF-b”)
messenger RNA (“mRNA”) with EMF in a bone induction
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model in a rat has been shown. Studies have also demon-
strated upregulation of TGF-b mRNA by PEMF in human
osteoblast-like cell line designated MG-63, wherein there
were increases in TGF-bl, collagen, and osteocalcin syn-
thesis. EMF stimulated an increase in TGF-bl in both
hypertrophic and atrophic cells from human non-union
tissue. Further studies demonstrated an increase in both
TGF-b1 mRNA and protein in osteoblast cultures resulting
from a direct effect of EMF on a calciunycalmodulin-
dependent pathway. Cartilage cell studies have shown simi-
lar increases in TGF-bl mRNA and protein synthesis from
EMF, demonstrating a therapeutic application to joint repair.

However, prior art in this field has not produced electro-
magnetic signals configured specifically to instantaneously
accelerate the asymmetrical kinetics of the binding of intra-
cellular ions to their associated buffers which regulate the
biochemical signaling pathways living systems employ in
response to brain tissue ischemia from stroke, traumatic
brain injury, head injury, cerebral injury, neurological injury
and neurodegenerative diseases. The result is that there are
no devices currently in use for clinical applications of
electromagnetic fields for the treatment of brain tissue
ischemia from stroke, traumatic brain injury, head injury,
cerebral injury, neurological injury and neurodegenerative
diseases.

Therefore, a need exists for an apparatus and a method
that modulates the biochemical pathways that regulate ani-
mal and human tissue response to brain tissue ischemia from
stroke, traumatic brain injury, head injury, cerebral injury,
neurological injury and neurodegenerative diseases by con-
figuring EMF signals specifically to accelerate the asym-
metrical kinetics of ion binding to intracellular buffers which
regulate the relevant biochemical signaling pathways. Some
embodiments provide for a method that employs electro-
magnetic fields for rapid treatment of brain tissue ischemia
from stroke, traumatic brain injury, head injury, cerebral
injury, neurological injury and neurodegenerative diseases.
In another embodiment, an apparatus incorporates miniatur-
ized circuitry and light weight coil applicators or electrodes
thus allowing the apparatus to be low cost, portable and, if
desired, disposable. A further need exists for an apparatus
and method that incorporates the asymmetrical kinetics of
ion binding to intracellular buffers to configure electromag-
netic waveforms to increase the rate of ion binding and
enhance the biochemical signaling pathways living systems
employ in response to brain tissue ischemia from stroke,
traumatic brain injury, head injury, cerebral injury, neuro-
logical injury and neurodegenerative diseases, and incorpo-
rates miniaturized circuitry and light weight applicators that
can be constructed to be implantable.

SUMMARY OF THE DISCLOSURE

Described herein are devices, systems and methods for
delivering electromagnetic signals and fields configured
specifically to accelerate the asymmetrical kinetics of the
binding of intracellular ions to their respective intracellular
buffers, to enhance the biochemical signaling pathways
animals and humans employ to respond to brain tissue
ischemia from stroke, traumatic brain injury, head injury,
cerebral injury, neurological injury and neurodegenerative
diseases.

One variation according to the present invention utilizes
a repetitive burst of arbitrary non-thermal EMF waveforms
configured to maximize the bound concentration of intrac-
ellular ions at their associated molecular buffers to enhance
the biochemical signaling pathways living systems employ
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in response to brain tissue ischemia from stroke, traumatic
brain injury, head injury, cerebral injury, neurological injury
and neurodegenerative diseases. Non-thermal electromag-
netic waveforms are selected first by choosing the ion and
the intracellular binding protein, for example Ca** and CaM,
among the many ion-buffer combinations within the living
cell, which determines the frequency range within which the
signal must have non-thermal frequency components of
sufficient, but non-destructive, amplitude to accelerate the
kinetics of ion binding. Signals comprise a pulse duration,
random signal duration or carrier period which is less than
half of the ion bound time to increase the voltage in the
target pathway so as to maximally accelerate ion binding to
maximally modulate biochemical signaling pathways to
enhance specific cellular and tissue responses to brain tissue
ischemia from stroke, traumatic brain injury, head injury,
cerebral injury, neurological injury and neurodegenerative
diseases.

In some variations, signals comprise bursts of at least one
of sinusoidal, rectangular, chaotic or random EMF wave
shapes; have burst duration less than about 100 msec, with
frequency content less than about 100 MHz, repeating at less
than about 1000 bursts per second. Peak signal amplitude in
the ion-buffer binding pathway is less than about 1000 V/m.
Another embodiment comprises about a 1 to about a 50
millisecond burst of radio frequency sinusoidal waves in the
range of about 1 to about 100 MHz, incorporating radio
frequencies in the industrial, scientific and medical (herein-
after known as ISM) band, for example 27.12 MHz, but it
may be 6.78 MHz, 13.56 MHz or 40.68 MHz in the short
wave frequency band, repeating between about 0.1 and
about 10 bursts/sec. Such waveforms can be delivered via
inductive coupling with a coil applicator or via capacitive
coupling with electrodes in electrochemical contact with the
conductive outer surface of the target.

Some embodiments described provide for a waveform
configuration that accelerates the kinetics of Ca®* binding to
CaM, consisting of about a 1 to about a 10 msec burst of
between about 5 MHz to about 50 MHz in the ISM band,
repeating between about 1 and about 5 bursts/sec and
inducing a peak electric field between about 1 and about 100
V/m, then coupling the configured waveform using a gen-
erating device such as ultra lightweight wire or printed
circuit coils that are powered by a waveform configuration
device such as miniaturized electronic circuitry.

Other embodiments described provide for a waveform
configuration that accelerates the kinetics of Ca®* binding to
CaM, consisting of about a 1 to about a 10 msec burst of
27.12 MHz radio frequency sinusoidal waves, repeating
between about 1 and about 5 bursts/sec and inducing a peak
electric field between about 1 and about 100 V/m, then
coupling the configured waveform using a generating device
such as ultra lightweight wire, printed circuit coils or con-
ductive garments that are powered by a waveform configu-
ration device such as miniaturized electronic circuitry which
is programmed to apply the aforementioned waveform at
fixed or variable intervals, for example for 1 minute every 10
minutes, or for 10 minutes every hour, or for any other
regimen found to be beneficial for a prescribed treatment.
Further embodiments provide for methods and devices for
applying electromagnetic waveforms to animals and humans
that accelerate the asymmetrical kinetics of the binding of
intracellular ions to their associated intracellular buffers, by
configuring the waveforms to contain repetitive frequency
components of sufficient amplitude to maximize the bound
concentration of the intracellular ion to its associated intra-
cellular buffer, thereby to enhance the biochemical signaling
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pathways living tissue employ in response to brain tissue
ischemia from stroke, traumatic brain injury, head injury,
cerebral injury, neurological injury and neurodegenerative
diseases.

Additional embodiments provide for methods and devices
for applying electromagnetic waveforms to animals and
humans which match the asymmetrical kinetics of the bind-
ing of Ca** to CaM by configuring the waveforms to contain
repetitive frequency components of sufficient amplitude to
accelerate and increase the binding of Ca** to CaM, thereby
enhancing the CaM-dependent nitric oxide (NO)/cyclic
guanosine monophosphate (cGMP) signaling pathway.

Further embodiments provide for electromagnetic wave-
form configurations to contain repetitive frequency compo-
nents of sufficient amplitude to accelerate and increase the
binding of Ca®* to CaM, thereby enhancing the CaM-
dependent NO/cGMP signaling pathway to accelerate blood
and lymph vessel dilation for relief of post-operative and
post traumatic pain and edema.

Another aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway, or any other
signaling pathway, to enhance angiogenesis and microvas-
cularization for hard and soft tissue repair.

A further aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway, or any other
signaling pathway, to accelerate deoxyribonucleic acid
(hereinafter known as DNA) synthesis by living cells.

Another aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway to modulate
growth factor release, such as basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VGEF), bone
morphogenic protein (BMP), or any other growth factor
production by living cells.

It is yet another aspect of the present invention to con-
figure electromagnetic waveforms to contain repetitive fre-
quency components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway to modulate
growth factor release, such as basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VGEF), bone
morphogenic protein (BMP), or any other growth factor
production by living cells employ in response to brain tissue
ischemia from stroke, traumatic brain injury, head injury,
cerebral injury, neurological injury and neurodegenerative
diseases

Another aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway, or any other
signaling pathway, to modulate cytokine, such as interleukin
1-beta (IL-1p), interleukin-6 (IL-6), or any other cytokine
production by living cells.

Another aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway, or any other
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signaling pathway, to modulate cytokine, such as interleukin
1-beta (IL-1p), interleukin-6 (IL-6), or any other cytokine
production by living cells in response to brain tissue isch-
emia from stroke, traumatic brain injury, head injury, cere-
bral injury, neurological injury and neurodegenerative dis-
eases.

Another aspect of the present invention is to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cGMP signaling pathway, or any other
signaling pathway, to accelerate the production of extracel-
lular proteins for tissue repair and maintenance.

It is another aspect of the present invention to configure
electromagnetic waveforms to contain repetitive frequency
components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cyclic adenosine monophosphate
(cAMP) signaling pathway, or any other signaling pathway,
to modulate cell and tissue differentiation.

It is yet another aspect of the present invention to con-
figure electromagnetic waveforms to contain repetitive fre-
quency components of sufficient amplitude to accelerate and
increase the binding of Ca®* to CaM, thereby enhancing the
CaM-dependent NO/cAMP signaling pathway, or any other
signaling pathway, to prevent or reverse neurodegeneration.

Another aspect of the present invention is to configure
electromagnetic waveforms to contain frequency compo-
nents of sufficient amplitude to accelerate the binding of
Ca®* to CaM, thereby enhancing the CaM-dependent
NO/cGMP signaling pathway to modulate heat shock pro-
tein release from living cells.

Yet another aspect of the invention provides for a method
for treating a neurological injury or condition in a patient in
need thereof including the steps of generating a pulsed
electromagnetic field from a pulsed electromagnetic field
source and applying the pulsed electromagnetic field in
proximity to a target region affected by the neurological
injury or condition to reduce a physiological response to the
neurological injury or condition. Optionally, in any of the
preceding embodiments, the physiological response can be
inflammation and/or increased intracranial pressure.

Optionally, in any of the preceding embodiments, the
method may also include monitoring the physiological
response and continuing to apply the pulsed electromage-
netic field until an acceptable level of the physiological
response is reached. Optionally, in any of the preceding
embodiments, the physiological response can be increased
intracranial pressure and the acceptable level is below about
20 mmHg.

In further variations, the method may include a pulsed
electromagnetic field comprising a 2 msec burst of 27.12
MHz sinusoidal waves repeating at 2 Hz. In other variations,
the method may include a pulsed electromagnetic field
comprising a 3 msec burst of 27.12 MHz sinusoidal waves
repeating at 2 Hz. In further embodiments, the pulsed
electromagnetic field may comprise a 4 msec burst of 27.12
MHz sinusoidal waves repeating at 2 Hz.

A further aspect of the invention provides for a method for
treating a neurological injury or condition in a patient in
need thereof where the method includes generating a first
pulsed electromagnetic field from a pulsed electromagnetic
field source; applying the first pulsed electromagnetic field
in proximity to a target region affected by the neurological
injury or condition to reduce a physiological response to the
neurological injury or condition for a first treatment interval;
discontinuing the application of the first pulsed electromag-
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netic field for an inter-treatment period greater than zero;
and applying a second pulsed electromagnetic field in prox-
imity to the target region. Optionally, in any of the preceding
embodiments, the first and second pulsed electromagnetic
fields are substantially the same.

Optionally, in any of the preceding embodiments, the
method may include monitoring the physiological response;
and modifying the first pulsed electromagnetic field to the
second pulsed electromagnetic field in response to the
monitoring step.

Moreover, optionally, in any of the preceding embodi-
ments, the method may also include monitoring the physi-
ological response; and discontinuing treatment once an
acceptable level of the physiological response is reached.

Optionally, in any of the preceding embodiments, the
method may also include attenuating inflammatory cytok-
ines and growth factors at the target region by applying the
first pulsed electromagnetic field or the second pulsed elec-
tromagnetic field to the target region.

Optionally, in any of the preceding embodiments, the
method may also include accelerating the healing of the
target region by applying the first pulsed electromagnetic
field or the second pulsed electromagnetic field to the target
region.

Furthermore, in other embodiments, applying the first
pulsed electromagnetic field in proximity to a target region
affected by the neurological injury or condition to reduce a
physiological response may comprise reducing a concentra-
tion of IL-1p. In further embodiments, the neurological
injury or condition may be a neurodegenerative discase.

In further embodiments, the neurological injury or con-
dition is TBI.

Another aspect of the invention provides for a method for
treating a neurological injury or condition in a patient in
need thereof, the method including generating a pulsed
electromagnetic field from a pulsed electromagnetic field
source; and applying the pulsed electromagnetic field in
proximity to a target brain region affected by the neurologi-
cal injury or condition to reduce a physiological response to
the neurological injury or condition by modulating microglia
activation in the target brain region. In some embodiments,
modulating microglia activation includes reducing microglia
activation in the target brain region.

Another aspect of the invention provides for a method of
promoting neurological repair or growth following a neu-
rological injury or condition including placing a treatment
coil of a self-contained, lightweight, and portable treatment
apparatus externally to a target treatment site in need of
repair or development, wherein the treatment apparatus
comprises a conformable coil having one or more turns of
wire and a control circuit; generating an electromagnetic
field using the treatment coil; delivering the electromagnetic
field to the target treatment site using the treatment coil; and
reducing a physiological response to the neurological injury
or condition.

Optionally, in any of the preceding embodiments, gener-
ating an electromagnetic field comprises generating at least
one burst of sinusoidal, rectangular, chaotic, or random
waveforms, having a frequency content in a range of about
0.01 Hz to about 10,000 MHz at about 1 to about 100,000
bursts per second, having a burst duration from about 0.01
to about 1000 bursts per second, and having a burst repeti-
tion rate from about 0.01 to about 1000 bursts/second.

Generating an electromagnetic field may comprise gen-
erating at least one burst of sinusoidal, rectangular, chaotic,
or random waveforms, having a frequency content in a range
of about 0.01 Hz to about 10,000 MHz, having a burst
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duration from about 0.1 to about 100 msec, at a peak
amplitude of 0.001 G to about 0.1 G, and having a burst
repetition rate from about 0.01 to about 100 bursts/second.

Optionally, in any of the preceding embodiments, the
method may also include delivering the electromagnetic
field for a period of about 1 minute to about 240 minutes.

Optionally, in any of the preceding embodiments, the
physiological response can be a cognitive deficiency.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises about a 1 msec to
about a 10 msec burst of 27.12 MHz sinusoidal waves
repeating at about 1 Hz to about 10 Hz.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier fre-
quency modulated at about a 1 msec to about a 10 msec burst
repeating at about 1 Hz to about 10 Hz.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate a rhythm of a physiological system.

Optionally, in any of the preceding embodiments, the
physiological system is the central nervous system. More-
over, optionally, in any of the preceding embodiments, the
physiological system is the peripheral nervous system. Addi-
tionally, optionally, in any of the preceding embodiments,
the physiological system is the cardiac system.

Optionally, in any of the preceding embodiments, the
physiological system is the pulmonary system.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate a rhythm of a physiological process

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate a rhythm of a brain.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate a circadian rhythm.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier fre-
quency configured to modulate quality of sleep.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field is configured to modulate
calmodulin-dependent signaling in a biological system.

Optionally, in any of the preceding embodiments, the
electromagnetic field comprises a waveform that produces
an effect upon calmodulin-dependent signaling in a biologi-
cal system.

Optionally, in any of the preceding embodiments, the
electromagnetic field comprises a waveform that modulates
at least one biological signaling pathway.

Optionally, in any of the preceding embodiments, the
method may also include increasing a growth factor in the
target region.

Optionally, in any of the preceding embodiments, increas-
ing a growth factor in the target region enhances angiogen-
esis.

Optionally, in any of the preceding embodiments, increas-
ing a growth factor in the target region enhances nervous
tissue regeneration.

Optionally, in any of the preceding embodiments, the
growth factor is selected from the group consisting of
FGF-2, VEGF, and BMP.
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Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate a sleep pattern.

Optionally, in any of the preceding embodiments, the
pulsed electromagnetic field comprises an ISM carrier or
any other radio frequency up to 10,000 GHz, configured to
modulate slow-wave sleep in a sleep cycle to effect the
production of human growth hormone. The above and yet
other embodiments and advantages of the present invention
will become apparent from the hereinafter set forth Brief
Description of the Drawings and Detailed Description of the
Invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the claims that follow. A better understanding
of the features and advantages of the present invention will
be obtained by reference to the following detailed descrip-
tion that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompany-
ing drawings of which:

FIG. 1A is a schematic representation of the biological
EMF transduction pathway which is a representative target
pathway of EMF signals configured according to embodi-
ments described.

FIG. 1B is a flow diagram of a method for treating a
neurological condition/injury according to an embodiment
of the devices and methods described herein.

FIG. 2A is a block diagram of miniaturized circuitry for
use with a coil applicator according to some embodiments
described.

FIG. 2B illustrates a device for application of electromag-
netic signals according to an embodiment of the devices and
methods described herein.

FIG. 2C illustrates a waveform delivered to a target
pathway structure of a plant, animal or human, such as a
molecule cell, tissue, organ, or partial or entire organism,
according to some embodiments described.

FIGS. 3A and 3B illustrates the effect of a PEMF treat-
ment according to embodiments described on nitric oxide
(NO) release from MNO9D neuronal cell cultures.

FIG. 4 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on angiogenesis in thermal
myocardial necrosis in a rat model.

FIG. 5 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on edema formation in a
carrageenan-induced paw edema model of inflammation in
the rat.

FIGS. 6A-6C illustrate the effect of a PEMF treatment
according to embodiments described on rats subjected to
contusive traumatic brain injury and invasive brain injury.

FIGS. 7A and 7B illustrate the effect of a PEMF treatment
according to embodiments described on post-operative
breast reduction patients.

FIG. 8 illustrates the proportional relationship between
levels of 1L-1p and force in the Marmarou weight-drop
model.

FIG. 9 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on wound exudate volumes in
post-operative patients under breast reduction surgery.

FIGS. 10A and 10B illustrate PEMF signal configurations
according to some embodiments described.

FIG. 11 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on inflammation in response
to transplants of dissociated embryonic midbrain neurons.
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FIG. 12 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on microglia in rats subjected
to penetrating injuries.
FIG. 13 illustrates the effect of a PEMF treatment accord-
ing to embodiments described on dopaminergic neurons.

DETAILED DESCRIPTION

Basal levels of intracellular Ca** are typically 50-100 nM,
tightly maintained by a number of physiological calcium
buffers. It is generally accepted that transient elevations in
cytosolic Ca** from external stimuli as simple as changes in
temperature and mechanical forces, or as complex as
mechanical disruption of tissue, rapidly activate CaM, which
equally rapidly activates the cNOS enzymes, i.e., endothelial
and neuronal NOS, or eNOS and nNOS, respectively. Stud-
ies have shown that both isoforms are inactive at basal
intracellular levels of Ca**, however, their activity increases
with elevated Ca®*, reaching half-maximal activity at about
300 nM. Thus, nNOS and eNOS are regulated by changes in
intracellular Ca®* concentrations within the physiological
range. In contrast, a third, inducible isoform of NOS (iNOS),
which is upregulated during inflammation by macrophages
and/or neutrophils, contains CaM that is tightly bound, even
at low resting levels of cytosolic Ca®*, and is not sensitive
to intracellular Ca®*.

Once cNOS is activated by CaM it converts its substrate,
L-arginine, to citrulline, releasing one molecule of NO. As
a gaseous free radical with a half-life of about 5 sec, NO
diffuses locally through membranes and organelles and acts
on molecular targets at a distance up to about 200 um. The
low transient concentrations of NO from ¢cNOS can activate
soluble guanylyl cyclase (sGC), which catalyzes the syn-
thesis of cyclic guanosine monophosphate (¢cGMP). The
CaM/NO/cGMP signaling pathway is a rapid response cas-
cade which can modulate peripheral and cardiac blood flow
in response to normal physiologic demands, as well as to
inflammation. This same pathway also modulates the release
of cytokines, such as interleukin-1beta (IL-1p) and growth
factors such as basic fibroblast growth factor (FGF-2) and
vascular endothelial growth factor (VEGF) which have
pleiotropic effects on cells involved in tissue repair and
maintenance.

Following an injury, e.g., a bone fracture, torn rotator cuff,
sprain, strain or surgical incision, repair commences with an
inflammatory stage during which the pro-inflammatory
cytokine IL-1p is rapidly released. This, in turn, up-regulates
iNOS, resulting in the production of large amounts of NO in
the wound bed. Continued exposure to NO leads to the
induction of cyclooxygenase-2 and increased synthesis of
prostaglandins which also play a role in the inflammatory
phase. While this process is a natural component of healing,
when protracted, it can lead to increased pain and delayed or
abnormal healing. In contrast, CaM/eNOS/NO signaling has
been shown to attenuate levels of IL-1f and down-regulate
iNOS. As tissue further responds to injury, the CaM/NO/
c¢GMP cascade is activated in endothelial cells to stimulate
angiogenesis, without which new tissue growth cannot be
sustained. Evidence that non-thermal EMF can modulate
this cascade is provided by several studies. An early study
showed that the original BGS signal promoted the creation
of tubular, vessel-like, structures from endothelial cells in
culture in the presence of growth factors. Another study
using the same BGS signal confirmed a seven-fold increase
in endothelial cell tubularization in vitro. Quantification of
angiogenic proteins demonstrated a five-fold increase in
FGF-2, suggesting that the same BGS signal stimulates
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angiogenesis by increasing FGF-2 production. This same
study also reported increased vascular in-growth more than
two-fold when applied to an implanted Matrigel plug in
mice, with a concomitant increase in FGF-2, similar to that
observed in vitro. The BGS signal significantly increased
neovascularization and wound repair in normal mice, and
particularly in diabetic mice, through an endogenous
increase in FGF-2, which could be eliminated by using a
FGF-2 inhibitor.

Similarly, a pulse modulated radio frequency (PRF) signal
of the type used clinically for wound repair was reported to
significantly accelerate vascular sprouting from an arterial
loop transferred from the hind limb to the groin in a rat
model. This study was extended to examine free flap sur-
vival on the newly produced vascular bed. Results showed
95% survival of PRF-treated flaps compared to 11% survival
in the sham-treated flaps, suggesting a significant clinical
application for PRF signals in reconstructive surgery.

In some embodiments, the proposed EMF transduction
pathway relevant to tissue maintenance, repair and regen-
eration, begins with voltage-dependent Ca** binding to
CaM, which is favored when cytosolic Ca>* homeostasis is
disrupted by chemical and/or physical insults at the cellular
level. Ca/CaM binding produces activated CaM that binds
to, and activates, cNOS, which catalyzes the synthesis of the
signaling molecule NO from L-arginine. This pathway is
shown in its simplest schematic form in FIG. 1A.

As shown in FIG. 1A, cNOS* represents activated con-
stitutive nitric oxide synthase (cNOS), which catalyzes the
production of NO from L-arginine. The term “sGC*” refers
to activated guanylyl cyclase which catalyzes cyclic guanos-
ine monophosphate (cGMP) formation when NO signaling
modulates the tissue repair pathway. “AC*” refers to acti-
vated adenylyl cyclase, which catalyzes cyclic adenosine
monophosphate (cAMP) when NO signaling modulates dif-
ferentiation and survival.

According to some embodiments, an EMF signal can be
configured to accelerate cytosolic ion binding to a cytosolic
buffer, such as Ca®* binding to CaM, because the rate
constant for binding, k_, is voltage-dependent and k, is
much greater than the rate constant for unbinding, kg
imparting rectifier-like properties to ion-buffer binding, such
as Ca®* binding to CaM.

For example, EMF can accelerate the kinetics of Ca**
binding to CaM, the first step of a well characterized cascade
that responds to chemical or physical insults. Ca/CaM
binding is kinetically asymmetrical, i.e., the rate of binding
exceeds the rate of dissociation by several orders of mag-
nitude (k,,>>k ), driving the reaction in the forward direc-
tion. Ca/CaM binding has been well characterized, with the
binding time constant reported to be in the range of 1072
1072 sec. In contrast, release of Ca®* from CaM cannot occur
until cNOS* has converted L-arginine to citrulline and NO,
which takes the better part of a second. Subsequent reactions
involving NO depend upon the cell/tissue state. For
example, tissue repair requires a temporal sequence of
inflammatory, anti-inflammatory, angiogenic and prolifera-
tive components. Endothelial cells orchestrate the produc-
tion of FGF-2 and VEGF for angiogenesis. For each of these
phases, early NO production by endothelial cells, leading to
increased cGMP by these, as well as other NO targets, such
as vascular smooth muscle, would be expected to be modu-
lated by an EMF effect on sGC via Ca/CaM binding. In
contrast, nerve or bone regeneration may require other
pathways leading to differentiation during development and
growth, and prevention of apoptosis, as in response to injury
or neurodegenerative diseases. For these cases, early cyclic
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adenosine monophosphate (cAMP) formation would be
modulated by an EMF effect on sAC via Ca/CaM binding.

The substantial asymmetry of Ca/CaM binding kinetics
provides a unique opportunity to configure EMF signals that
selectively modulate k,,,. In general, if k,,>>k,,» and k,, is
voltage-dependent, according to the present invention, ion
binding could be increased with an exogenous electric field
signal having a carrier period or pulse duration that is
significantly shorter than the mean lifetime of the bound ion.
This applies to the CaM signaling pathway, causing it to
exhibit rectifier-like properties, i.e., to yield a net increase in
the population of bound Ca** because the forward (binding)
reaction is favored. The change in surface concentration, AT,
of Ca** at CaM is equal to the net increase in the number of
ions that exit the outer Helmholtz plane, penetrate the water
dipole layer at the aqueous interface of the binding site, and
become bound in the inner Helmoltz plane. For the general
case of ion binding, evaluation of Ca/CaM binding imped-
ance, ZA(s), allows calculation of the efficacy of any given
waveform in that pathway by evaluating the frequency range
over which the forward binding reaction can be accelerated.
Thus, binding current, IA(t), is proportional to the change in
surface charge (bound ion concentration) via dq(t)/dt, or, in
the frequency domain, via sqA(s). IA(s) is, thus, given by:

L ()79 4(5)=sT AAL(s)) M

where s is the real-valued frequency variable of the Laplace
transform. Taking the first term of the Taylor expansion of
equation 1 gives:

L(s)=qrsT AT (s) @

where qI'=3q/al’, a coefficient representing the dependence
of surface charge on bound ion concentration. AI'(s) is a
function of the applied voltage waveform, E(s), and, refer-
ring to the reaction scheme in FIG. 1, of the change in
concentration of eNOS*, defined as AD(s):

AT (s)=k,,/T s[-AL(s)+aE(s)+AD(s)] 3)

where I, is the initial surface concentration of Ca** (homeo-
stasis), and a=3I/3E, representing the voltage dependence of
Ca®* binding. Referring to the reaction scheme in FIG. 1, it
may also be seen that eNOS* depends only upon Ca**
binding, i.e., AI'(s). Thus:

AD(5)=0 4/ D s[-AD(s)-AT'(s5)] 4

where v® is the rate constant for Ca/CaM binding to eNOS
and @, is the initial concentration of eNOS* (homeostasis).

Using equations 2, 3 and 4, and for k,,>>vg,, ZA(s) may
be written:

®

Zu(s) = E(s) 1 [1+ros/kon]

e gral TL.s

Equation 5 describes the overall frequency response of the
first binding step in a multistep ion binding process at an
electrified interface, wherein the second step requires that
the bound ion remain bound for a period of time significantly
longer than the initial binding step. For this case, the first ion
binding step is represented by an equivalent electrical
impedance which is functionally equivalent to that of a
series R ,-C , electric circuit, embedded in the overall dielec-
tric properties of the target. R, is inversely proportional to
the binding rate constant (k, ), and C, is directly propor-
tional to bound ion concentration.

Some embodiments provide that a electromagnetic field,
for which pulse duration or carrier period is less than about
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half of the bound ion lifetime can be configured to maximize
current flow into the capacitance CA, which will increase the
voltage, E,(s), where s is the LaPlace frequency, across CA.
E,(s) is a measure of the increase in the surface concentra-
tion of the binding ion in the binding sites of the buffer,
above that which occurs naturally in response to a given
physiological state. The result is an increase in the rate of
biochemical signaling in plant, animal and human repair,
growth and maintenance pathways which results in the
acceleration of the normal physiological response to chemi-
cal or physical stimuli. The following equation demonstrates
the relation between the configured electromagnetic wave-
form, E(s) and E,(s).

(1/5sCA)E(s)
(R% +(1/sC)H"?

6
Ep(s) = ©

Some embodiments also provide that a time-varying
electromagnetic field for which pulse duration or carrier
period is less than about half of the bound ion lifetime of
Ca** binding to CaM will maximize the current flow into the
Ca/CaM binding pathway to accelerate the CaM-dependent
signaling which plants, animals and humans utilize for tissue
growth, repair and maintenance. In particular, a time-vary-
ing electromagnetic field may be configured to modulate
CaM-dependent NO/cGMP signaling which accelerates;
pain and edema relief, angiogenesis, hard and soft tissue
repair, repair of ischemic tissue, prevention and repair of
neurodegenerative diseases, nerve repair and regeneration,
skeletal and cardiac muscle repair and regeneration, relief of
muscle pain, relief of nerve pain, relief of angina, relief of
degenerative joint disease pain, healing of degenerative joint
disease, immunological response to disease, including can-
cer.

Another embodiment according to the present invention is
an electromagnetic signal which accelerates the kinetics of
Ca®* binding by maximizing non-thermal B,(s) at its CaM
binding sites, consisting of' a 1-10 msec pulse burst of 27.12
MHz radio frequency sinusoidal waves, repeating between
about 1 and about 5 bursts/sec and inducing a peak electric
field between about 1 and about 100 V/m, then coupling the
configured waveform using a generating device such as ultra
lightweight wire coils that are powered by a waveform
configuration device such as miniaturized electronic cir-
cuitry which is programmed to apply the waveform at fixed
or variable intervals, for example 1 minute every 10 min-
utes, 10 minutes every hour, or any other regimen found to
be beneficial for a prescribed treatment.

In some embodiments, the PEMF signal configuration
used may be a sinusoidal wave at 27.12 MHz with peak
magnetic field B=0.05 G (Earth=0.5 G), burst width, T1=5
msec, and repetition rate T2=2/sec as shown in FIG. 10A.
The PEMF signal configuration may also induce a 1-5 V/m
peak electric field in situ with a duty cycle=2%, without heat
or excitable membrane activity produced. The field may be
applied through an electrical pulse generator to a coil tuned
to 27.12 MHz. The burst width and repetition rate may be
chosen by comparing the voltage induced across the Ca**
binding site over a broad frequency range to noise fluctua-
tions over the same range. Effects of burst widths of two
27.12 MHz sinusoidal signals at 1 Hz are illustrated in FIG.
10B. As shown in FIG. 10B, high signal-to-noise ratios
(SNRs) can be achieved in the relatively low frequency
range and at peak magnetic field 0.05 G.
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FIG. 2A illustrates a block diagram of an EMF delivery
apparatus as described according to some embodiments. As
shown in FIG. 2A, the apparatus may have miniaturized
circuitry for use with a coil applicator. In some embodi-
ments, the apparatus may include a CPU MODULATOR, a
BATTERY MODULE, a POWER SUPPLY, On/Off switch,
and an output amplifier, AMP, as illustrated. In further
variations, the CPU MODULATOR may be an 8 bit 4 MHz
micro-controller; however, other suitable bit-MHz combi-
nation micro-controllers may be used as well. For example,
in some embodiments, the CPU MODULATOR may be
programmed for a given carrier frequency or pulse duration,
such as about 27.12 MHz sinusoidal wave. Moreover, the
CPU MODULATOR may be programmed for a given burst
duration, for example about 3 msec. In further variations, the
CPU MODULATOR may be programmed to provide a
given in situ peak electric field, for example 20 V/m; or a
given treatment time, for example about 15 minutes; and/or
a given treatment regimen, for example about 10 minutes
about every hour. The CPU MODULATOR may also be
programmed to deliver an EMF waveform to the target ion
binding pathway.

In further embodiments, the BATTERY MODULE may
be rechargeable. In other embodiments, the BATTERY
MODULE has an output voltage of 3.3 V; however, other
voltages can be used as is understood in the art. In further
variations, the BATTERY MODULE supplies DC voltage
and current to a POWER SUPPLY which provides operating
power to the CPU MODULATOR and the output amplifier
AMP.

In some variations, the electromagnetic signal (or a field
generated from a electromagnetic signal) is applied induc-
tively to the plant animal or human target with a COIL
applicator, or capacitively with electrodes in electrochemi-
cal contact with the out conductive surface of the target
structure (not shown). In some variations, the COIL appli-
cator is flexible and circular, but may also be anatomically
conformable, such as oval or saddle shaped, with a diameter
of between about 2 cm to about 50 cm. An electromagnetic
treatment, or, if desired, an electromagnetic treatment regi-
men, can be initiated with the ON/OFF switch, which may
be mechanical or electronic.

Some embodiments combine the signal generation and
coil or electrode applicator into one portable or disposable
unit, such as illustrated in FIG. 2B (which will be described
in greater detail below) for the case of an inductively
coupled signal. In some variations, when electrical coils are
used as the applicator, the electrical coils can be powered
with a time varying magnetic field that induces a time
varying electric field in a target pathway structure according
to Faraday’s law. An electromagnetic field generated by a
circuit such as shown in FIG. 2A can also be applied using
electrochemical coupling, wherein electrodes are in direct
contact with skin or another outer electrochemically con-
ductive boundary of a target pathway structure.

In yet another embodiment, the electromagnetic field
generated by the generating circuit of FIG. 2A (or FIG. 2B)
can also be applied using electrostatic coupling wherein an
air gap exists between a generating device such as an
electrode and a target pathway structure such as a molecule,
cell, tissue, and organ of a plant animal or human. Advan-
tageously, the ultra lightweight coils and miniaturized cir-
cuitry, according to some embodiments, allow for use with
common physical therapy treatment modalities and at any
location on a plant, animal or human for which any thera-
peutic or prophylactic effect is desired. An advantageous
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result of application of some embodiments described is that
a living organism’s wellbeing can be maintained and
enhanced.

Referring to FIG. 2C, an embodiment according to the
present invention of an induced electric field waveform
delivered to a target pathway structure is illustrated. As
shown in FIG. 2C, burst duration and period are represented
by T, and T,, respectively. In some embodiments, the signal
within the rectangular box designated at T, can be, rectan-
gular, sinusoidal, chaotic or random, provided that the
waveform duration or carrier period is less than one-half of
the target ion bound time. The peak induced electric field is
related to the peak induced magnetic field, shown as B in
FIG. 2C, via Faraday’s Law of Induction.

In further variations, the induced electric field waveform
provides a burst of duration between about 1 msec and about
30 msec, containing a repetitive rectangular pulse, a sinu-
soidal wave or a chaotic or random waveform, having,
respectively, a period or frequency less than half of the
bound time of the target ion binding pathway, repeats
between about 1 and about 10 bursts/sec, and induces a peak
electric field of 20 V/m which is proportional to a peak
applied time varying magnetic field of 50 mG according to
Faraday’s Law of Induction. The induced electric field
illustrated in FIG. 2C can be configured according to
embodiments described to modulate biochemical signaling
pathways in plant, animal and human targets, such as those
illustrated in FIG. 1A.

In addition to the above, induced time-varying electric
fields (e.g PEMF) may be configured to affect neurological
tissue including specific cellular/molecular pathways in the
CNS tissues allowing these tissues to react in a physiologi-
cally meaningful manner. For example, a waveform may be
configured within a prescribed set of parameters so that a
particular pathway, such as CaM-dependent NO synthesis
within the neurological tissue target, is modulated specifi-
cally. Both the applied waveform and the dosing or treat-
ment regime applied may be configured so that at least this
pathway is targeted specifically and effectively. Further-
more, the stimulation protocol and dosing regimen may be
configured so that an electromagnetic field applicator device
may be portable/wearable, lightweight, require low power,
and does not interfere with medical or body support such as
wound dressings, orthopedic and other surgical fixation
devices, and surgical interventions.

In some embodiments, a method of treating a subject for
aneurological condition, injury, or disease includes applying
the one or more (or a range of) waveforms that are needed
to target the appropriate pathways in the target neuronal
tissue. This determination may be made through calculation
of mathematical models such as those described in U.S.
Patent Publication No. 2011-0112352 filed Jun. 21, 2010 as
U.S. patent application Ser. No. 12/819,956 (herein incor-
porated by reference) to determine the dosing regimen
appropriate for modulating a molecular pathway (e.g.
Ca/CaM pathway).

For example, as discussed above, it is believed that
pathways involved in the maintenance and repair of cerebral
tissue include the Ca/CaM pathway. To modulate this path-
way, in some variations, the electromagnetic/fields applied
are configured to comprise bursts of at least one of sinusoi-
dal, rectangular, chaotic or random wave shapes; burst
duration less than about 100 msec, with frequency content
less than about 100 MHz at 1 to 100 bursts per second. In
other variations, the electromagnetic fields have a 1 to about
a 50 msec burst of radio frequency sinusoidal waves in the
range of about 1 to about 100 MHz, incorporating radio
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frequencies in the industrial, scientific, and medical band,
for example 27.12 MHz, 6.78 MHz, or 40.68 MHz, repeat-
ing between about 0.1 to about 10 bursts/sec. In further
variations, a PEMF signal can be applied that consists of a
2 msec burst of 27.12 MHz sinusoidal waves repeating at 2
Hz. In additional embodiments, an applied PEMF signal can
consist of a sinusoidal waveform of 27.12 MHz pulse-
modulated with 4 msec bursts having an amplitude of 0.001
G to 0.1 G, and repeating at 2 Hz. In additional embodi-
ments, electromagnetic fields applied are configured to have
a frequency content in a range of about 0.01 Hz to about
10,000 MHz having a burst duration from about 0.01 to
about 100 msec, and having a burst repetition rate from
about 0.01 to about 1000 bursts/second.

Alternatively, the carrier signal frequency may be below
1 MHz, such as 100,000 Hz, 10,000 Hz, 100 Hzor 1 Hz. In
such variations, the lower carrier signal frequency requires
a longer burst duration, e.g. 500 msec for 100 Hz carrier
frequency, and a lower amplitude of between about 0.001 G
and 0.01 G.

Electromagnetic signals can be applied manually or auto-
matically through application devices to provide a range of
electromagnetic fields, treatment ranges and doses. For
example, PEMF signals can be applied for 15 minutes, 30
minutes, 60 minutes, etc. as needed for treatment. Electro-
magnetic signals can also be applied for repeated durations
such as for 15 minutes every 2 hours. Treatment duration can
also span minutes, days, weeks, etc. For example, PEMF
signals can be applied for 15 minutes every 2 hours for 9
days. Furthermore, PEMF treatment can be provided for a
therapeutic period of time. As used herein, the term thera-
peutic period is not limiting to any specific treatment regi-
men, but rather describes at least the total treatment period
and treatment period per each treatment cycle. For example,
a PEMF signal may be applied for 15 minutes every 2 hours
continuously until levels of intracranial pressure decrease to
acceptable levels. The therapeutic period would include at
least the treatment interval, any inter-treatment interval, and
the total treatment duration.

The electromagnetic applicator devices can also provide a
time varying magnetic field (for example, peak=0.001 G to
0.1 G, Average=107° G to 107> G) to induce a time varying
electric field (for example average=0.1 V/m to 100 V/m) in
the tissue target. Moreover, each signal burst envelope may
be a random function providing a means to accommodate
different electromagnetic characteristics of target tissue.
Similarly, the number of treatments and the dose regime may
vary depending on the progress of the target location.

In some embodiments, modifying neuronal pathways can
result in increased or decreased cerebral blood flow to a
target location. For example, modulating the Ca/CaM path-
way can cause vasodilation in the target cerebral tissue.
Vasodilation of cerebral tissue can result in increased cere-
bral blood flow which can mitigate inflammation, neuronal
degeneration, and tissue death and promote tissue regrowth,
repair, and maintenance.

In further embodiments, PEMF can be configured to treat
a subject having a metal implant or other foreign object
affixed to or penetrating the skull such that the treatment is
not affected by the foreign object. Dose regimens such as
those described above may still be applied in the presence of
foreign metal objects that may have penetrated the skull (e.g.
shrapnel) or been implanted (e.g. skull plate) by careful
positioning of the applicator coil with respect to the position
of the metal in the target, which advantageously allows for
treatment of subjects with these conditions.
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As is understood by one of ordinary skill in the art, the
terms neurological condition, disease, injury etc. as used
herein are not intended to be limited to any particular
condition or injury described. A neurological injury can
mean at least an injury that results from mechanical damage
arising from an initial insult or trauma event and/or any
secondary injury from secondary physiological responses. In
some embodiments, the methods and devices contemplated
may be configured to treat patients for whom the trauma
event is initiated by medical personnel as part of another
treatment. For example, in the case of a craniotomy to
remove brain tumors or lesions, the neurological injury
would include the surgical incision(s) into brain tissue and
subsequent secondary injury from resulting inflammation or
swelling that develops after the initial insult. Similarly,
neurological conditions or diseases can mean at least, and
non-exhaustively, degenerative disorders such as Alzheim-
er’s or neurological, functional, or behavioral impairment(s)
resulting from injury. For example, secondary physiological
responses such as inflammation can damage healthy brain
tissue which can result in impairment of a cognitive or
behavioral function associated with that part of the brain.

FIG. 1B is a flow diagram of a method for treating a
subject with a neurological condition, disease, or injury. In
some variations, before beginning the treatment, one or
more (or a range of) waveforms may be determined that
target the appropriate pathway for the target tissue. In such
embodiments, once this determination is made, electromag-
netic fields are applied to the target location.

In further embodiments, the treatment waveform or
PEMF signal may be determined by configuring the PEMF
waveform to target a rhythm pattern of a physiological
system or process. For example, a PEMF signal may be
configured to modulate brain rhythms to effect relaxation or
alertness depending on the needed physiological response.
As is understood in the art, physiological systems like the
CNS and the peripheral nervous system (PNS), in particular,
the brain or heart emit electrical activity that can be mea-
sured and recorded by, for example, electroencephalography
(EEG) or electrocardiography (EKG). During particular
activities, such as sleep/rest or problem solving, the brain
emits electrical/rhythmic activity (e.g. circadian rhythms) in
certain frequency bands associated with the activity (e.g.
theta, alpha, beta, etc.)

A PEMF waveform can be configured to a specific rhythm
of a target location by providing a signal with the frequency,
amplitude, burst duration, etc. associated with a particular
activity of that target location. For example, for treatment of
a neurological condition such as Alzheimer’s, a PEMF
waveform can be brought in close proximity to a region of
the brain associated with problem solving. In such cases, the
PEMF waveform provided to the patient can be configured
to the rhythm frequency/band that is generally measured
when normal problem solving skills are employed. The
PEMF waveform may then be used to stimulate the target
region while the patient is engaged in a problem solving
activity. This treatment may help the patient regain or
improve problem solving skills where the target region has
exhibited diminished ability to emit normal electrical activ-
ity.

In further embodiments, the PEMF waveform may be
configured to modulate rhythms associated with a physi-
ological response that arises from a neurological injury. For
example, as can be appreciated, neurological damage such
as traumatic brain injury results in both secondary physi-
ological responses in the CNS as well as responses in
peripheral systems. With brain trauma, a patient’s ability to
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regulate and maintain periphery systems such as the cardiac
and pulmonary systems may be indirectly compromised. As
such, some embodiments contemplated provide for PEMF
configurations that treat a neurological injury by targeting
non-neurological systems affected by the injury. In some
embodiments, the PEMF waveforms are configured to
modulate the rhythms or electrical activity of one or more
non-neurological system(s).

In further embodiments, the PEMF waveform may be
configured to modulate sleep patterns. In particular, PEMF
configurations may increase the duration of slow-wave
(Delta) sleep in each sleep cycle which may allow the
injured person to maximize the production of human growth
hormone, which, in turn, may increase healing for any
injury, including CNS and PNS injuries, and provides a
prophylactic response to protect from further injury.

As described in FIG. 1B, a method of treating a subject
with a neurological injury or condition may include the step
of placing the tissue to be treated (e.g. near one or more CNS
regions) in contact, or in proximity to, a PEMF device 101.
Any appropriate PEMF device may be used. In general, the
device may include an applicator (e.g. inductor applicator)
which may be placed adjacent to or in contact with the target
location/tissue. The device may also contain a signal con-
ditioner/processor for forming the appropriate waveform to
selectively and specifically modulate a pathway (e.g.
Ca/CaM pathway). In further embodiments, the device may
include a timing element (e.g. circuit) for controlling the
timing automatically after the start of the treatment.

In the example shown in FIG. 1B, once treatment begins
103, the device, in some variations, applies an envelope of
high-frequency waveforms at low amplitude (e.g. less than
50 milliGauss, less than 100 milliGaus, less than 200
milliGauss, etc.) 105. This envelope of high-frequency
pulses is then repeated at a particular frequency after an
appropriate delay. This series of bursts can be repeated for
a first treatment time (e.g. 5 minutes, 15 minutes, 20
minutes, 30 minutes, etc.) and then followed by a delay
during which the treatment is “off” 107. This waiting
interval (inter-treatment interval) may last for minutes or
hours (15 minutes, 2 hours, 4 hours, 8 hours, 12 hours, etc.)
and then the treatment interval may be repeated again until
the treatment regime is complete 109.

In some wvariations, the treatment device is pre-pro-
grammed (or configured to receive pre-programming) to
execute the entire treatment regime (including multiple
on-periods and/or intra-treatment intervals) punctuated by
predetermined off-periods (inter-treatment intervals) when
no treatment is applied. In further variations, the device is
pre-programmed to emit a PEMF signal at 27.12 MHz at 2
msec bursts repeating at 2 bursts/sec. In other embodiments,
the device is pre-programmed to emit a PEMF signal at
27.12 MHz (at about amplitude 250-400 mV/cm) pulsed in
4 msec bursts at 2 Hz.

As discussed, the selection of a treatment regime may be
determined by the particular neurological injury or condition
etc. at issue. In the case of treating secondary physiological
responses from TBI, the treatment parameters may be
selected to target any number or combination of physiologi-
cal responses. For example, some embodiments contem-
plated provide for devices and methods for reducing intrac-
ranial pressure. Oftentimes a trauma event such as brain
surgery will induce cerebral edema, the extra- and intracel-
Iular accumulation of fluid resulting from changes in vas-
cular endothelium causing vasodilation and leakage as well
as surges of extracellular fluid into cells after disturbances in
glutamate release and calcium and sodium ion influx. This is
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potentially fatal as increased intracranial pressure decreases
cerebral perfusion pressure and interrupts cerebral blood
flow to brain tissue, which can cause ischemia and neuronal
death.

To manage intracranial pressure, some embodiments pro-
vide a method of reducing intracranial pressure by applying
a PEMF signal in close proximity to a target location. Such
treatment parameters may include any of those discussed,
which are found suitable for the needs of the patient.
Moreover, in some embodiments, the selected PEMF signal
can be applied continuously to the target area until an
acceptable intracranial pressure level is reached. An accept-
able intracranial pressure level can be patient-specific
depending on the circumstances; however, generally normal
intracranial pressure ranges from about 5 mmHg to about 15
mmHg. Additionally, intracranial pressure above about 20
mmHg is generally considered harmful. As such, PEMF
treatment may be initiated once intracranial pressure is
above an acceptable level.

Alternatively, PEMF treatment may be discontinued once
acceptable levels are attained. In some embodiments, the
PEMF treatment can be applied as shown in FIG. 1B with
inter-treatment intervals. For example, a PEMF signal of
27.12 MHz pulsed in 4 msec bursts at 2 Hz may be applied
for 15 minutes every 2 hours for 9 days. In other embodi-
ments, the PEMF signal may be applied continuously with-
out an inter-treatment interval until an acceptable level of
intracranial pressure is reached. In further embodiments, the
PEMF therapy includes monitoring a neurological factor
such as intracranial pressure of the subject such that PEMF
treatment can be initiated or discontinued depending on the
levels of intracranial pressure.

In some embodiments, the patient may experience intrac-
ranial pressure below about 20 mmHg; however, due to
lower cerebral perfusion pressure, PEMF therapy may be
initiated to mitigate conditions such as ischemia. In further
embodiments, the PEMF therapy may be preventative and
applied to maintain the subject’s pressure levels within a
selected range that may or may not be within the normal
pressure ranges described above. Additionally, a PEMF
device may be pre-programmed with a controller or proces-
sor that monitors and adjusts PEMF treatment based on the
levels of intracranial pressure. A PEMF device may be
configured to communicate with a sensor or other data
gathering devices/components that provide information
regarding intracranial pressure or other neurological factors.

In addition to intracranial pressure, additional embodi-
ments provide for PEMF methods and devices for treating
inflammation resulting as a secondary physiological
response to neurological injury (e.g. TBI). Inflammation is a
natural and protective systemic physiological response to
invading pathogens to preserve tissue viability and function.
However, if this process remains unchecked, it can lead to
secondary tissue damage in the CNS. In the case of brain
injury, inflammation can restrict cerebral blood flow and
cause damage or death to healthy brain tissue. Although the
complex process involved in inflammation is not completely
known, it is understood that following injury, microglia and
astrocytes will activate and migrate to the injury site. Once
activated, these cells will secrete destructive cytokines (e.g.
IL-1c, IL-1p and TNF-a) as well as other inflammatory
molecules such as chemokines, which can attract additional
immune-mediators. Some of these immune-mediators can
penetrate the blood-brain barrier and further add to an
inflammatory response. Although microglia, cytokines,
chemokines, and other inflammatory promoters are required
to some extent to remove invading pathogens, protracted
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and unremitting inflammation can cause long term damage.
As such, some embodiments provide for PEMF treatments
and devices to alter the levels of inflammatory factors
present in a target location.

Because increased levels of cytokines such as IL.-1p have
been correlated with high intracranial pressure, inflamma-
tion, and breakdown of the blood-brain barrier, some
embodiments provide for a PEMF treatment that can reduce
or mitigate the levels of cytokines in order to prevent
secondary injury to target brain tissue. In such embodiments,
a PEMF applicator device such as the one described in FIG.
2B is placed in close proximity to a target tissue location
(e.g. brain area). The PEMF applicator device is then
activated and generates a PEMF signal configured to reduce
the levels of cytokines in the target location. In some
embodiments, a PEMF signal of 27.12 MHz pulsed in 4
msec bursts at 2 Hz for about 5 to about 15 minutes every
20 minutes to reduce the quantities of IL.-1p3 present in target
location. The PEMF signal may be applied for a selected
amount of time before pausing for an inter-treatment interval
(see FIG. 1B) and then repeated for a total treatment time.
In further embodiments, the PEMF treatment may be
applied continuously until acceptable levels of cytokines or
inflammation are reached. The PEMF treatment may also be
applied continuously or intermittently in response to direct
data regarding level of cytokines or inflammation or indirect
data such as levels of cerebral blood flow.

In other embodiments, the PEMF treatment may be
directed toward altering the levels of microglia or astrocytes
present in the target location. As discussed, once activated,
microglia not only produce cytokines but also remove
damaged or dead tissue and infectious agents. In other
words, microglia are dually neuroprotective and neurotoxic.
As such, reducing or increasing the levels of microglia at
different stages following a neurological injury or condition
may modulate the helpful and harmful effects of microglia
present in the target location. For example, in the immediate
period following injury, an increase in activated microglia
may help to clear and collect pathogens and debris from
cellular or tissue damage. By doing so, an increased level of
microglia can reduce the chances of infection and prevent
inflammation before it begins. Moreover, increased activity
of microglia may enhance the repair of axons. Alternatively,
at a later stage post-injury, reducing the number of activated
microglia can reduce inflammation by preventing microglia
from producing pro-inflammatory factors such as cytokines
and chemokines. As the suitability of increasing or decreas-
ing microglia levels in a target area are dependent on the
type of injury/condition and the patient’s needs, flexibility
will be needed to modify PEMF treatment as needed. In
some embodiments, the PEMF device/treatment can be
pre-programmed to alter treatment as needed according to
monitored conditions such as the levels of inflammation,
levels of microglia, or time period after injury. In other
variations, the PEMF treatment can be manually modified as
needed. In further variations, the PEMF treatment may
appear to first decrease microglial activity, but the apparent
decrease in microglia may be transitory and microglial
activity may actually be increased/accelerated over the
course of treatment. As shown in FIGS. 11 and 12 (and
further described in detail in Examples 7 and 8), PEMF
treatment can effect an increase or decrease in microglial
activity.

Further embodiments provide for treatments and devices
for preventing neuronal death. Injuries caused by both
contusive trauma and by invading foreign objects (e.g.
penetrating injury) will kill neurons, which can be respon-
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sible for lasting behavioral deficits as well as limbic and
cognitive disabilities. Some PEMF treatments contemplated
provide for therapies that increase neuronal survival. For
example, PEMF signals can be applied to a target location
with damaged neuronal cells. The PEMF signals may
increase the level of activated microglia present at the site,
for example, which can help remove pathogens that could
cause infection to already damaged neuronal cells. More-
over, reductions in tissue swelling and inflammation also
indirectly increase neuronal survival, as these processes can
both initiate and exacerbate acute and chronic neurodegen-
eration. Treatment parameters may be selected according
any of the described regimes as needed for treatment.

In treating neurological conditions and injuries, a primary
concern is retaining or recovering cognitive, motor, limbic,
and behavioral functions. Tissue damage and death, espe-
cially in the brain, can irreversibly affect the ability of
patients to function normally after a traumatic event. Some
embodiments provide for treatments and devices to improve
cognitive, motor, behavioral etc. function after a neurologi-
cal injury/condition. Some variations provide for short term
and long term PEMF treatment where ongoing assessment
of the patient’s progress is recorded to determine whether
treatment should be continued or modified.

As can be appreciated, PEMF signals can be configured to
treat one or more of the conditions described. For example,
a PEMF treatment may be used to reduce intracranial
pressure and inflammation in a patient in need thereof.

FIG. 2B illustrates an embodiment of an apparatus 200
that may be used. The apparatus is constructed to be
self-contained, lightweight, and portable. A circuit control/
signal generator 201 may be held within a (optionally
wearable) housing and connected to a generating member
such as an electrical coil 202. In some embodiments, the
circuit control/signal generator 201 is constructed in a
manner that given a target pathway within a target tissue, it
is possible to choose waveform parameters that satisfy a
frequency response of the target pathway within the target
tissue. For some embodiments, circuit control/signal gen-
erator 201 applies mathematical models or results of such
models that approximate the kinetics of ion binding in
biochemical pathways. Waveforms configured by the circuit
control/signal generator 201 are directed to a generating
member 202. In some variations, the generating member 202
comprises electrical coils that are pliable and comfortable. In
further embodiments, the generating member 202 is made
from one or more turns of electrically conducting wire in a
generally circular or oval shape, any other suitable shape. In
further variations, the electrical coil is a circular wire
applicator with a diameter that allows encircling of a sub-
ject’s cranium. In some embodiments, the diameter is
between approximately 6-8 inches. In general, the size of the
coil may be fixed or adjustable and the circuit control/signal
generator may be matched to the material and the size of the
applicator to provide the desired treatment.

The apparatus 200 may deliver a pulsing magnetic field
that can be used to provide treatment of a neurological
condition or injury. In some embodiments, the device 200
may apply a pulsing magnetic field for a prescribed time and
can automatically repeat applying the pulsing magnetic field
for as many applications as are needed in a given time
period, e.g. 6-12 times a day. The device 200 can be
configured to apply pulsing magnetic fields for any time
repetition sequence. Without being bound to any theory, it is
believed that when electrical coils are used as a generating
member 202, the electrical coils can be powered with a time
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varying magnetic field that induces a time varying electric
field in a target tissue location.

In other embodiments, an electromagnetic field generated
by the generating member 202 can be applied using elec-
trochemical coupling, wherein electrodes are in direct con-
tact with skin or another outer electrically conductive
boundary of the target tissue (e.g. skull or scalp). In other
variations, the electromagnetic field generated by the gen-
erating member 202 can also be applied using electrostatic
coupling wherein an air gap exists between a generating
member 202 such as an electrode and the target tissue. In
further examples, a signal generator and battery is housed in
the miniature circuit control/signal generator 201 and the
miniature circuit control/signal generator 201 may contain
an on/off switch and light indicator. In further embodiments,
the activation and control of the treatment device may be
done via remote control such as by way of a fob that may be
programmed to interact with a specific individual device. In
other variations, the treatment device further includes a
history feature that records the treatment parameters carried
out by the device such that the information is recorded in the
device itself and/or can be transmitted to another device
such as computer, smart phone, printer, or other medical
equipment/device.

In other variations, the treatment device 200 has adjust-
able dimensions to accommodate fit to a variety of patient
head sizes. For example, the generating member 202 may
comprise modular components which can be added or
removed by mated attaching members. Alternatively, the
treatment device 200 may contain a detachable generating
member (e.g. detachable circular coil or other configura-
tions) that can be removed and replaced with configurations
that are better suited for the particular patient’s needs. A
circular coil generating member 202 may be removed and
replaced with an elongate generating member such that
PEMF treatment can be applied where other medical equip-
ment may obstruct access by a circular generating member
202. In other variations, the generating member may be
made from Litz wire that allows the generating member to
flex and fold to accommodate different target areas or sizes.

In other embodiments, the diameter of a circular gener-
ating member may be selected based on the desired treat-
ment regimen. In some variations, the depth of penetration
for the electromagnetic field increases with increased diam-
eter. In such embodiments, a larger diameter will provide a
field with a greater field volume allowing for greater pen-
etration in the target location. Accordingly, by modifying the
diameter or size of the generating member, the depth of the
treatment field can be adjusted as needed. Greater depth of
penetration may be advantageous where the injured target
region is below the surface of the target location. Alterna-
tively, where a greater depth of penetration is not needed,
generating members of smaller size may be more appropri-
ate where surface application is desired. For example, for
treatment of a large surface area, an array of smaller sized
generating members can be used to cover a large area
without deep penetration beyond the surface.

In further embodiments, the inductive device illustrated in
FIG. 2B is flexible, portable and, if desired, disposable; and
can be used alone or incorporated into an anatomical posi-
tioning device such as a dressing, bandage, compression
bandage, compression dressing; knee, elbow, lower back,
shoulder, foot, and other body portion wrap and support;
garments, footwear, gloves, and fashion accessories; mat-
tress pads, seat cushions, furniture, beds; in seats or beds
within cars, motorcycles, bicycles, buses, trains, planes,
boats and ships.
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In some embodiments, the devices may include a sensor
configured to monitor a patient’s condition for changes. For
example, a device may include a sensor that collects data on
the patient’s intracranial pressure. Based on the amount of
intracranial pressure, the device may automatically turn on
for treatment once threshold pressure levels are reached.
Similarly, the device may turn off automatically if pressure
levels return to normal. Additionally, a device providing
treatment may modify and adjust treatment parameters
based on the feedback from sensors. For example, a device
may change treatment parameters if the sensor registers an
increase in intracranial pressure. Moreover, in some varia-
tions, medical staff may be notified of changes to treatment
parameters where the delivery device can communicate with
another device such as computer, smart phone, printer, or
other medical equipment/device.

Example 1 An EMF signal, configured according to an
embodiment of the present invention to modulate CaM-
dependent signaling, consisting of a 27.12 MHz carrier,
pulse-modulated with a 3 msec burst repeating at 2 Hz and
a peak amplitude of 0.05 G, was applied for 30 minutes to
the MN9D dopaminergic neuronal cell line and increased
NO production by several-fold in a serum depletion para-
digm and produced a 45% increase in cGMP. The EMF
effects on NO and ¢cGMP were inhibited by the CaM
antagonist N-(6-Aminohexyl)-5-chloro-1-naphthalenesulfo-
namide hydrochloride (W-7), indicating the EMF signal
acted in this neuronal culture according to the transduction
mechanism illustrated in FIG. 1A. These results are sum-
marized in FIG. 3A.

The effect of the same EMF signal on cAMP production
in MN9D cells was also studied. MN9D cells in serum free
medium were removed from the incubator (repeatable tem-
perature stress injury to transiently increase intracellular
Ca®*) and exposed to EMF for 15 min. cAMP was evaluated
in cell lysates by ELISA. Results demonstrate that an EMF
signal, configured according to an embodiment of the pres-
ent invention, increased cAMP production by several-fold.
Notably, the c-NOS inhibitor L-NAME abolished the PEMF
effect on cAMP. The results, summarized in FIG. 3B,
indicate EMF signals, configured according to an embodi-
ment of the present invention, affect neuronal differentiation
and survival.

Example 2 In this example, a highly reproducible thermal
myocardial injury was created in the region of the distal
aspect of the Left Anterior Descending Artery at the base of
the heart of adult male Sprague Dawley rats. The EMF
waveform, configured as an embodiment of the present
invention, was a 2 msec burst of 27.12 MHz sinusoidal
waves repeating at 2 bursts/sec delivering 0.05 G at the
tissue target. Five freely roaming animals in a standard rat
plastic cage, with all metal portions removed, were placed
within a single turn 14x21 inch coil. Exposure was 30 min
twice daily for three weeks. Sham animals were identically
exposed, but received no EMF signal.

Upon sacrifice, myocardial tissue specimens were stained
with CD-31 to evaluate the presence of newly forming blood
vessels and capillaries in peri-ischemic tissue. Results at 21
days showed that number of vessels and capillaries in
peri-ischemic myocardial tissue was increased by approxi-
mately 100% (p<0.001) in EMF vs sham exposed animals.
That an EMF signal, configured as an embodiment of the
present invention, modulated CaM-dependent NO release,
as illustrated in FIG. 1A, was verified by feeding animals
L-NAME, a ¢cNOS inhibitor, in their drinking water for 7
days. EMF, configured as an embodiment of the present
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invention, accelerated angiogenesis at 7 days by 60%. The
EMF effect was abolished by L-NAME, as illustrated in
FIG. 4.

Example 3 In this example, inflammation was induced in
the left hind paw of Harlan Sprague-Dawley rats (200-340
g) by injection of 100 ul. of a 3.5 mg/mlL sterile phosphate
buffered saline-based carrageenan solution into the footpad
using a 30 gauge tuberculin syringe. The carrageenan dose
was carefully calibrated to produce a mild, controllable form
of inflammation that could be evaluated for rate of onset.
Edema was determined using a plethysmometer volume
displacement transducer system (Stoelting Company, Wood
Dale, I11.). Edema was measured pre-carrageenan injection
and at 1, 4 and 8 hours post-injection. Rats were exposed to
either the PEMF signal or a control, untreated experimental
coil configuration for 15 min. EMF exposures were at 0.25,
2, 4 and 8 hours post-injection. The signal consisted of a 2
msec burst of 27.12 MHz sinusoidal waves repeating at 2
bursts/sec, and inducing 20 V/m electric field at a target
diameter of 2 cm. This PEMF signal was configured, accord-
ing to an embodiment of the present invention to accelerate
Ca®* binding in a CaM-dependent signaling pathway. Data
were analyzed with SigmaStat 3.0 software (SPSS, Chicago,
111.) using Student’s unpaired t-test and one way ANOVA, as
appropriate. Differences were also compared using the
Mann-Whitney test for two independent groups. Signifi-
cance was accepted at P<0.05.

The results showed mean edema volume in the sham
treated animals was 33+7% greater at 1 hour post-injection
(P=0.037), 41+8% greater at 4 hours (P=0.005), and 47+9%
greater at 8 hours (P=0.009) than edema volume in the
PEMF treated animals at these time points. These results,
summarized in FIG. 5, demonstrate that a PEMF signal,
configured as an embodiment of the present invention,
accelerates Ca®* binding to CaM in the NO signaling cas-
cade that regulates lymphatic evacuation of edema from
inflammation.

Example 4 In this example, groups of rats were subjected
to invasive and contusive traumatic brain injury and treated
with an EMF signal configured as an embodiment of the
present invention consisting of a 27.12 MHz carrier, pulse-
modulated with a 3 msec burst repeating at 2 Hz and a peak
amplitude of 0.05 G.

Adult male Sprague Dawley rats (350-400 g) were housed
in a climate-controlled animal facility with two rats per cage.
Food and water were provided ad libitum in a 12-hour
light/dark cycle. Animals were maintained, operated on,
treated, and euthanized in accordance with federal, state, and
TACUC guidelines at the Montefiore Medical Center.

Closed Skull Contusion Injury: Twenty rats (10/group)
were subjected to a moderate closed-head injury under
anesthesia using the Marmarou impact-acceleration model,
with the following modifications. Briefly, rats were anesthe-
tized with ketamine/medetomidine (0.75 mg/0.5 mg/kg,
i.p.). After depilation and disinfection, the calvarium was
exposed by creating a 1 cm vertical, midline incision
through the scalp and displacing the periosteum. To diffuse
the impact force and reduce incidence of skull fracture, a
metal washer (10 mm diameter, 2 mm thickness) was affixed
directly to the skull with epoxy cement midway between the
lambda and bregma. Rats were secured directly underneath
the weight-drop device on foam bedding (Foam to Size;
Ashland, Va.; spring constant=4.0). A diffuse closed-head
injury was produced by dropping a 258.7-gram weight in a
plexiglass tube from specified heights up to 2 meters,
creating forces of impact from 1 to 4 Newtons (4.46N). After
impact, the disk was removed from the skull and the
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periosteum and scalp were approximated with discontinuous
nylon sutures. Anesthesia was reversed and animals were
either treated with PEMF signals or placed in similar con-
tainers in the absence of signals.

The Marmarou weight-drop model was selected for this
study partly because it has been found that the levels of
1L-1p closely correlate to the force of the injury in the
Marmarou weight-drop model. For example, as shown in
FIG. 8, in a previous study, rats were subjected to TBI
according to the Marmarou weight-drop model by varying
the height from which a 257 g weight was dropped. After six
hours, levels of 1L-1f were quantified in brain tissue by
ELISA. Points shown on FIG. 8 represent mean values for
3 rats+/-SEM. Data at 0 force was determined from rats
receiving sham surgery.

Penetrating Brain Injury: Sixty rats were subjected to
bilateral stab injuries to the striatum. Rats were anesthetized
with ketamine/medetomidine (0.75 mg/0.5 mg/kg, i.p.) and
secured on a stereotaxic frame (David Kopf) with the tooth
bar at 3.3 mm below the interaural line. After depilation and
disinfection, the calvarium was exposed, as described above,
and the separated tissue was secured with hemostats. Two 1
mm burr holes were created by a trephine drill above the
striatum at stereotactic coordinates 0.5 mm anterior to and
2.5 mm lateral to Bregma. A 23S gauge blunt-end needle
from a Hamilton syringe was inserted 5.2 mm below the
dura into each striatum and removed over two minutes. After
lesioning, burr holes were sealed with bone wax and the
incision site was closed with 4-0, non-absorbable nylon
sutures. Rats were reversed from anesthesia with 1 mg/kg
medetomidine and placed in containers for PEMF treatment.

PEMF treatment: Animals were exposed to PEMF gen-
erated by a sinusoidal 27.12 MHz radiofrequency signal
pulse-modulated with 3 millisecond bursts with 0.05 G
amplitude, and repeating at 2 Hz beginning immediately
after surgery from a coil positioned around a plastic shoebox
with a ventilated lid and connected to a PEMF signal
generator which automatically provided a signal regimen
consisting of signal on for 5 min in every 20 minute time
segment for 6 hours. For treatments longer than 6 hours,
metal cage inserts were removed, food and hydrogel packs
were placed in the cages, and plastic outer cage tops with
filters were placed in a larger container equipped with a
metal coil around its perimeter on a plastic cart in the animal
care facility to avoid signal distortion from surrounding
metal.

PEMF signals were delivered externally from a signal
generator attached by a wire to the coil. Treatment was
administered for 5 minutes every 20 minutes and rats were
allowed to move freely in their cages during this time.
Identical procedures were followed for the control group, i.e.
rats were placed in identical containers in the same room and
were fed and handled in an identical manner to rats receiving
treatment. Immediately before euthanasia, rats were re-
anesthetized and CSF was collected, and after euthanasia,
brains were harvested and immediately either fixed in 4%
paraformaledhyde or frozen at —80° C. until analysis.

CSF Collection: CSF was obtained utilizing a modifica-
tion of the Nirogi technique (REF). Briefly, a standard 23 G
Vacutainer® Push Button Blood Collection Syringe with
12" (what is the diameter of the hole) tubing (BD) was
connected to a 1 cc insulin syringe. Anesthetized rats were
positioned on a stereotaxic frame with the tooth bar set to
angle the at head 45° in a downward direction. The needle
was inserted in an upright position into the medial portion of
the cisterna magna until CSF was released into the tubing.
Fluid was collected until blood was visible and tubing was
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clamped with a hemostat to separate clear and blood-tainted
CSF. Samples of clear CSF were released into microfuge
tubes and cellular material was pelleted by centrifugation
(speed and time of centrifuge). Cleared samples were imme-
diately frozen at -80° C.

Tissue Processing: For the weight-drop injury, whole
brain hemispheres minus cerebella were frozen. For the
penetrating injury, a 5-mm cylinder of brain tissue from the
left hemisphere surrounding the stab injury were removed
and frozen. The right hemisphere was fixed by immersion in
4% paratormaldehyde for 2 days and stored in 30% sucrose
with 0.05% sodium azide.

IL-1p Analysis: Frozen specimens were processed by
homogenization using a polytron (model, Manufacturer) in
lysis buffer containing tris-buffered saline and centrifuged at
16,000 g for 10 minutes at 4° C. to pellet particulate matter.
Supernatants were frozen at —80° C. and triton X-100 was
added to a final concentration of 0.1%. IL-1f levels were
quantified using a rat IL-18 ELISA duo set (R&D Systems)
following manufacturer’s recommendations. Results were
normalized for protein content determined with the Biorad
protein assay.

0X-42 immunohistochemistry: Sixty-micron tissue sec-
tions through the striatum were generated using a tissue
slicer (Ted Pella) and stored until use in phosphate-buffered
saline (150 mM NaCl, 10 mM sodium phosphate, pH 7.4;
PBS) with 0.05% sodium azide. For immunostaining, sec-
tions belonging to a series consisting of every 2nd-3rd
section were permeabilized in 0.25% Trition X-100 in PBS
with 3% hydrogen peroxide to extinguish endogenous per-
oxidase activity. Non-specific binding was blocked with 3%
horse serum in PBS with 0.25% Triton X-100 (“block™).
Sections were incubated in mouse OX-42 antibody (Serotec;
1:1000) in block overnight at 37° C. After washing in PBS,
sections were incubated for 2 hours at 37° C. with biotin
anti-mouse in block (Amersham; 1:600). After subsequent
washing and 1.5 hours incubation in peroxidase ABC (Vec-
tor Laboratories; 1:500), sections were washed and staining
was visualized with DAB (Vector). After washing, sections
were dehydrated, coverslipped, and photographed at 20x
magnification.

Evaluation of microglial activation: OX-42 staining was
quantified in a series of every 2-3 sections representing 0.7
mm through the center of the lesion for animals subjected to
a penetrating lesion. Initially, the degree of microglial stain-
ing in all animals was scored by 4 individuals, where scores
(0-5) represented staining intensity and the area occupied by
stained cells. Tissue sections from groups that were exposed
to PEMF (null) signals for 24 and 48 hours after injury were
analyzed further using Image J software. Immuno-stained
regions were outlined and areas were measured using a
calibrated length. The intensity of immunostaining was
quantified by densitometry, defined as an integrated density,
calibrated against selected areas from stained tissue sections
that represented the entire spectrum of staining.

Statistical Analysis: Data for each group was compared
and analyzed for significant differences by Student’s t-test
and by analysis of variance (ANOVA) followed by Fischer’s
PLSD test, when more than two groups were compared.
Differences between groups generating p-values equal to or
less than 0.05 were considered statistically significant.

PEMF treatment reduced levels of IL-1§ after contusive
TBI. CSF and brain tissue were collected from injured
animals in PEMF and control groups as well as from sham
and intact animals after 6 hours, when peak IL-10 levels
were expected using this injury model. Results demonstrate
that intact animals had the lowest levels of IL-1§ (29x4



US 9,427,598 B2

29

pg/mg protein), which increased 34% in the sham group to
39+7 pg/mg protein. After injury, mean levels of IL-1f in the
group that did not receive PEMF treatment was 55£3 pg/mg
protein, which was not significantly different from levels of
this inflammatory cytokine in animals that received sham
surgery. Mean levels of IL-1f in animals that received
PEMF treatment were 50+4 pg/mg protein, indicating that
there were no significant effects on levels of this peptide in
brain homogenates.

Results also demonstrated that levels of IL-1p in CSF
changed dramatically in response to both injury and PEMF
treatment. Mean levels of this cytokine in CSF from intact
animals was 19+7 pg/ml. CSF, increasing to 25+21 pg/mL
in the sham group (31%). Levels in animals receiving a
contusive 3N injury rose to 25291 pg/ml, a 10-fold
increase over the sham group. Moreover, animals receiving
PEMF treatment demonstrated significantly lower concen-
trations (44+25 pg/mL), or levels that were 83% lower than
those of animals receiving the injury, and less than twice the
mean concentration of IL-1f in animals receiving sham
surgery.

Results for PEMF reduced levels of IL-1[ after penetrat-
ing brain injury: Results illustrating the time course of IL-1§
expression demonstrate similarly low levels of IL-1f in
brain homogenates from intact and sham animals; 24+5 and
24+6 pg/mg protein, respectively. In addition, two animals
from the sham group were treated with PEMF signals for 6
hours before they were euthanized. Animals in this group
demonstrated mean IL-1p levels of 15.4 and 16.6 pg/mg
protein for PEMF and sham animals respectively, but the
number of animals in this group was too low to compare
with either intact or sham rats (n=5 and n=2, respectively).
At 3.5 hours after injury, IL-1p levels increased approxi-
mately 2-fold and attained their highest levels of any time
point measured at 6 hours after injury in PEMF treated and
control groups at 93x15 and 99+11 pg/mg protein, approxi-
mately 4 times basal levels. Importantly, at 17 hours after
injury, levels of IL-1p were significantly lower in the PEMF
group (42+5 pg/mg protein) than those of the control group
(61+5 pg/mg protein; p=0.04). Control levels decreased and
values at later time points were similar in both groups up to
9 days after injury.

In CSF, levels of IL-1p followed a more protracted time
course. In intact naive animals, basal levels of IL-1p were
32432 pg/ml. CSF, demonstrating wide and average levels
in the sham group were 5651 and 39+10 pg/mL (control
and PEMF-treated, respectively). Levels stayed fairly low at
6 hours after injury, but rose approximately 5-fold to reach
a maximum of 224+23 pg/mL at 17 hours after injury, a 7 to
8-fold increase over basal levels, and to a similar degree as
IL-1p levels in CSF from animals receiving the closed-skull
contusion. In contrast, animals that received PEMF treat-
ment did not exhibit significant increases in 1L.-1p, which
was maintained at approximately basal levels (23+18 pg/mL
CSF), or ten-fold lower than rats that received an injury and
were not exposed to PEMF signals. Concentrations of IL-1
remained high in the injured control group at 24 hours
(122+56 pg/mL), and decreased to baseline levels at 4 to 9
days after injury (31-45 pg/mL), which persisted throughout
this period. IL-1[ concentrations were lowest in both groups
at 9 days (0-2 pg/mL). Taken together, results demonstrate
that PEMF treatment suppressed IL-1p levels in CSF
throughout a 9-day period after penetrating brain injury.

PEMF treatment increased OX-42 expression after pen-
etrating injury. The CNS responds to focal penetrating
injuries by mounting a local inflammatory response. Using
the penetrating injury TBI model, the effects of PEMF
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treatment on microglial activation were examined. Animals
received bilateral penetrating injuries and were assigned to
PEMF or null treatment groups, where they received con-
tinuous treatment until sacrifice at 3.5 hours to 9 days after
lesioning. Results demonstrate that OX-42 staining was
absent in the area of the lesion at 3.5 and 6 hours. Beginning
at 17 hours after injury, OX-42 immunoreactivity was
detected increasing in intensity and size over 5 days. At 9
days, the last time point, staining was most intense and
appeared more focal, encompassing the lesion itself a com-
pacted surrounding area with a well-defined perimeter. Ini-
tially, the extent of staining was analyzed in a semi-quan-
titative by rating the intensity and area of staining on a scale
of' 1 to 5 in 0.25 increments by four blinded observers. The
overall degree of OX-42 expression, a combination of
staining intensity and the area of staining, increased over the
9 days of the experiment.

Significantly, PEMF signals increased the intensity of
0OX-42 staining at 24 and 48 hours after injury. This increase
was transient, as values were higher, but similar to control
levels at both 5 and 9 days after injury. The area occupied by
OX-42+ cells at 9 days was smaller than at 5 days, indicating
that microglia had arrived at their destination. Image analy-
sis was employed to confirm our observations. Areas (mm?2)
and mean gray values (average value of pixels over the area
in which OX-42 staining was found) were measured on
Image J for groups of animals receiving PEMF (null) signals
for 24 and 48 hours. Interestingly, the area of OX-42 staining
at 24 hours after injury significantly decreased in the PEMF-
treated animals compared to controls, but in contrast, the
mean intensity of OX-42 immunoreactivity was signifi-
cantly higher, suggesting that PEMF signals accelerated
microglial activation and migration. The intensity of OX-42
immunoreactivity increased in both groups at 48 hours after
injury, but neither differences in staining intensity nor the
area encompassed by microglia were statistically significant.
After 5 days, both staining intensity and areas of microglial
activation were essentially the same for both groups of
animals.

In addition, FIGS. 6 A-6C illustrate some results discussed
above. In the contusive study, animals were sacrificed and
brains homogenized to determine the EMF effect on the
master pro-inflammatory cytokine. FIG. 6A shows the
results from the contusive study where EMF reduced IL-1p
by approximately 10-fold in CSF in treated vs control
animals.

In the invasive injury study, brains were collected in intact
animals at 0, 3.5, and 6 hours and assayed for levels of
1L-1p by ELISA. Results shown in FIG. 6B demonstrate
that IL-1p levels in brain tissue were lower in injured rats
treated with PEMF than that of the null group for both
models.

Similarly, FIG. 6C shows data from the same study where
rats were subjected to bilateral invasive penetrating needle
injuries into the striatum. CSF samples were collected under
anesthesia from single rats at time specified by the symbols
shown in FIG. 6C and analyzed by ELISA. The results
suggest that IL-1p appears in CSF 6 hours after invasive
trauma and, importantly, levels appear to be suppressed by
PEMF treatment.

These results indicate that EMF, configured according to
embodiments described, produced a very rapid drop in the
inflammatory response to traumatic brain and cervical injury
which no other pharmacological or physical modality has
been able to achieve. An important factor is that these results
were obtained with a portable disposable device which can
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be incorporated in kits for field response to brain trauma,
stroke and other neurological injuries.

Example 5 In this example, the effect of a radio frequency
EMF signal, configured according to an embodiment of the
present invention consisting of a 27.12 MHz carrier, pulse-
modulated with a 3 msec burst repeating at 2 Hz and a peak
amplitude of 0.05 G, on post-operative pain was studied in
arandomized double-blind clinical study on breast reduction
patients. Patients were treated with EMF, configured accord-
ing to an embodiment of the present invention, delivered to
the target tissue with a disposable device, similar to that
illustrated in FIG. 2B, which was incorporated in the post-
surgical dressing.

Treatment regimen for active patients was 30 min every
4 hours for three days. Sham patients received the same
EMF device which did not deliver a signal. Wound exudates
were collected and pain was assessed by participants using
a validated Visual Analog Scale (VAS). Concentrations of
IL-1pP, a major pro-inflammatory cytokine, were approxi-
mately 3-fold lower at 5 hours post-op (P<0.001) in wound
exudates from EMF-treated patients compared to those of
the control group. EMF also produced a concomitant 2-fold
decrease in pain at 1 hour (P<0.01) and a 2.5-fold decrease
at 5 hours post-op (P<0.001), persisting to 48 hours post-op.
No significant changes in VAS scores were observed in the
control group. Furthermore, the increased levels of analgesia
were reflected in a 2.2-fold reduction in narcotic use in
patients receiving active treatment over the first 24 hours
post-op (P=0.002). Importantly, the time course for both
pain and IL-1p reduction were concomitant, showing that
EMF, configured to modulate CaM/NO signaling in an
embodiment according to the present invention, produced
endogenous changes in the dynamics of IL-1 availability,
which impacts the many known subsequent inflammatory
events that are mediated by this cytokine, including those
leading to post-operative pain. These results, which are
illustrated in FIGS. 7A-B, demonstrate that EMF, configured
according to an embodiment of the present invention pro-
duced a rapid, non-pharmacological, non-invasive post-
operative anti-inflammatory response which significantly
reduced patient morbidity and the cost of health care, and
enhanced healing.

Example 6 This example studies PEMF treatment to
attenuate post-traumatic edema. PEMF signals, including a
radiofrequency signals, have been shown to reduce the
edema associated with various types of peripheral tissue
injury. For example, in a double-blinded study of human
subjects undergoing breast-reduction surgery, post-operative
subjects were treated with a PEMF signal consisting of a
27.12 MHz carrier, pulse-modulated with a 3 msec burst
repeating at 2 Hz and a peak amplitude of 0.05 G. As shown
in FIG. 9, wound exudates were collected for analysis and
volumes were measured at regular post-operative intervals.
Results demonstrate a 30% reduction in volumes in the first
4 hours after surgery. Asterisks in FIG. 9 indicate lower
volumes in the group of post-operative subjects receiving
PEMF treatment (*p=<0.03).

With this current example, PEMF signals will be shown
to attenuate increases in brain volume, intracranial pressure,
and T2-weighted MRI signals. Animals will be subjected to
the weight-drop injury and randomly assigned to receive
PEMF (or null) signals. Thirty rats will be implanted with a
Codman micro-sensor ICP probe (Codman, Raynham,
Mass.) at the same time that the scalp is prepared for the
weight-drop injury, as described for use in rats by Williams.

Using a stereotactic frame, a burr hole will be made at -4
mm posterior to and 5 mm lateral to Bregma and the probe

25

40

45

32

will be inserted to a depth of 2 mm. Baseline ICP will be
monitored 10 minutes before the injury. The protruding part
of the probe will be removed during impact. After injury, 2
groups (n=15) will be treated with PEMF or null signals for
5 minutes every 20 minutes for 8 hours and the sham group
will be maintained under similar conditions. The PEMF
signal configuration used may be a sinusoidal wave at 27.12
MHz with peak magnetic field B=0.05 G (Earth=0.5 G),
burst width, T1=5 msec, and repetition rate T2=2/sec as
shown in FIG. 10A. The PEMF signal configuration may
also induce a 1-5 V/m peak electric field in situ with a duty
cycle=2%, without heat or excitable membrane activity
produced. The field may be applied through an electrical
pulse generator to a coil tuned to 27.12 MHz. The burst
width (5 msec) and repetition rate (2 Hz) were chosen by
comparing the voltage induced across the Ca®* binding site
over a broad frequency range to noise fluctuations over the
same range. Effects of burst widths of two 27.12 MHz
sinusoidal signals at 1 Hz are illustrated in FIG. 10B. As
shown in FIG. 10B, high signal-to-noise ratios (SNRs) can
be achieved in the relatively low frequency range and at
peak magnetic field 0.05 G.

Animals will be re-anesthetized at 30 minutes, 1 hour, 4
hours, and 8 hours and the probe will be re-inserted for ICP
measurement. After the final measurement, animals will be
euthanized. ICP of both injury groups will be compared over
time with respect to pre- and post-injury values and effects
of PEMF (vs. null) to determine the extent and kinetics of
ICP for this model and to determine whether PEMF signals
can attenuate the magnitude of ICP or protract the rise in ICP
over time.

T2-weighted Magnetic Resonance Imaging: Thirty rats
will undergo contusive injuries and will be randomly
assigned to receive PEMF or null signals (n=15) using a
regimen of 5 minutes of treatment every 20 minutes.
T2-weighted MRI will be performed at the Gruss Magnetic
Resonance Research Center (MRRC) at the Albert Einstein
College of Medicine, both before injury and after injury at
3 time points that bracket peak ICP, as established in the
pilot experiment (see above). Edema will be calculated
using standard MRI algorithms and protocols established at
the MRRC. MRI is a validated method of following edema
in post injury neurotrauma models. Animals will be trans-
ported to the MRRC on a staggered basis. Under isofluorane
anesthesia, each animal will be connected to a ventilator and
anesthesia will be maintained at 1.5% isofluorane. Ventila-
tion rate will be maintained at 60 breaths/minute, and
volume pressure settings will be adjusted to produce stable
end-tidal CO, and regular respiratory movements. Core
temperature will be monitored by rectal thermometer and a
feedback-controlled water pump will warm the animal while
in the MRI cradle. The animal will then be placed into the
magnet and imaging data are collected. The animal will then
be removed from the magnet, extubated, placed on a feed-
back-controlled warming pad, and allowed to recover from
anesthesia, when it will be returned to its home cage and
transported to the Animal Care Facility.

Each T2W slice will be displayed on a workstation and
edema will be quantified using the MEDx package after
manually outlining areas of signal hyper-intensity that are
consistent with edema. Volume will be computed as the sum
of area outlined on each slice multiplied by slice thickness.
Longitudinal comparison and quantification of edema will
allow values for each animal to be compared and normalized
to its own baseline. Information from this analysis will
include the determination of areas of brain that are most
affected by the injury and the ability of PEMF to suppress
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brain swelling over the period of edema formation. Animals
from this study will also be used for "H-MRS imaging.

ICP has been evaluated in response to severe injury in the
weight-drop model.

Normally, ICP ranges between 5 and 15 mm Hg. A 450 g
weight dropped over 2 meters will result in a rise in ICP to
28+3 mm Hg after 30 min, followed by a gradual decline,
measured over 4 hours. Based on PEMF-mediated reduc-
tions of wound exudate volumes (FIG. 9), the study results
are expected to show that PEMF to has immediate effects on
reducing edema. Moreover, the ability to obtain whole brain
images with T2-weighted MRI will allow us to identify
regions of interest in our model that incur the worst injury
and follow them over time.

Example 7

In one study, a group of rats received neural transplants of
dissociated embryonic midbrain neurons and were treated
twice a day with PEMF or null signals for 1 week. As shown
in FIG. 11, OX-42 labeled activated microglia form a “cuft”
surrounding the transplant. Alkaline phosphatase-labeled
blood vessels were stained in purple. Results of the micro-
glial staining, shown in FIG. 11, demonstrate that microglial
activation was less intense in the PEMF group. This study
showed that PEMF may attenuate inflammation in response
to transplantation. However, the apparent decrease in micro-
glia may be transitory and that microglial activity may
actually be increased/accelerated.

Example 8

In this example, rats were subject to penetrating injuries
and exposed to PEMF signals according to embodiments
described. Brain tissue was processed for OX-42 THC at
specified times after injury to identify activated microglia.
As shown in FIG. 12, results demonstrate that the pattern of
0X-42 staining in rats that received penetrating injuries was
localized to the site of the trauma. Most importantly, staining
intensity appears higher with PEMF treatment at 2 and 5
days after injury, indicating activation of microglial cells
was accelerated.

Example 9

As shown in FIG. 13, neuronal cultures were treated with
PEMF signals for 6 days before challenge by (1) reduced
serum 1% or (2) 5 uM quisqualic acid, a non-NMDA
glutamate receptor agonist. Dopaminergic neurons were
identified by tyrosine hydroxylase immunocytochemistry
and quantified at 8 days. The bars shown in FIG. 13 indicate
mean neuronal numbers (+/-SEM) in ftriplicate cultures.
Asterisk denotes groups with significant differences from the
null group (P<0.05). Results indicate that PEMF signals
according to embodiments describe provide neuroprotective
treatment to prevent neural death.

Example 10

This example will study the ability of PEMF signals to
prevent neural death. Animals will be subjected to contusive
(weight-drop) TBI. Eighty rats will be randomly assigned to
PEMF or null groups and treated for 5 minutes every 20
minutes. A group of rats receiving sham surgery will serve
as controls. At 1, 2, 5 and 10 days and after injury, CSF will
be collected from 10 animals from each treatment group
immediately prior to euthanasia, at which time blood will be
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collected peri-mortem. Brains will be fixed, cryoprotected,
50 um vibratome sections will be generated through the
cerebrum from approximately -7 to +4 mm with respect to
Bregma on the anteroposterior axis. Multiple series of every
6th section will be prepared for analyses described below.

Tissue Necrosis: The overall extent of tissue damage will
be assessed on a series of sections after hematoxylin and
eosin (H&E) histochemistry, first qualitatively, by observa-
tions of astrocytic, neuronal, or dendritic swelling, pyknotic
nuclei, and necrosis and then quantitatively, by measuring
the area abnormal histology. Regions of damaged tissue will
be captured by digital photography and the volume will be
assessed by outlining the perimeter using Image J software,
calculating the area with calibrated markers, and multiplying
by section thickness. Histological abnormalities, as
described above, will be quantified within a specified vol-
ume of these regions. Data from each group will be com-
pared to determine whether PEMF signals reduce the vol-
ume of tissue damage and numbers of cells with abnormal
morphology.

Neuronal Injury: Proton Magnetic Resonance Spectros-
copy: This study will be conducted on the same animals that
will be used for T2-MRI studies (see Example 6), as they
will provide information on regions of interest, and to avoid
duplications of time and costs associated with live-animal
studies. Based on information obtained from T2-weighted
MRI (see Example 6), several regions of interest (ROI),
defined by anatomical landmarks and changes on T2 maps,
will be selected and further analyzed. Studies by other
groups suggest that both cortical and hippocampal regions
may be the most vulnerable to the injury made in the
weight-drop model. Afterwards, computerized graphical
analysis of specific, localized spectra in the ROIs will be
utilized to determine resonance corresponding to NAA, Cr,
Cho, lactate and taurine. Quantitative analysis of the spec-
troscopic metabolite ratios will be compared among the
pre-injury, TBI null, and TBI PEMF groups to determine
changes in concentrations of these biochemical markers.

Neuronal Death: Fluoro-Jade staining: Fluoro jade stain is
a fluorochrome derived from fluorescein and is commonly
used to label degenerating neurons including neurons
injured from TBI as an alternative to other methods, such as
silver and Nissl stains. Fluoro jade stained tissue can be
visualized with epifluorescence using filters designed for
fluorescein or fluorescein isothiocynate (excitation 495 nm;
emission 521 nm). Multiple morphological features can be
detected using fluoro-jade including; cell bodies, dendrites,
axons, and axon terminals. Even though all fluoro-jade
derivatives can detect these specific morphological features,
fluoro-jade C has greater specificity and resolution. A series
of every 6th serial section will be processed stained with
fluoro-jade-C to identify dying neurons. Sections will be
dehydrated in ethanol and rinsed in distilled water, followed
by oxidation in 0.06% potassium permanganate for 15
minutes, followed by several water washes. Sections will
then be placed in 0.1% acetic acid containing 0.001% fluoro
jade C (Millipore) for 1 hour at room temperature. After
washing, sections will be dehydrated, cleared and cover-
slipped for viewing. Areas demonstrating the greatest gen-
eralized damage by H&E will be assessed for neuronal
damage. Neurons within a defined anatomical structure can
be quantified on a series of sections by stereological analysis
(i.e. optical dissector) using Neurolucida software (Micro-
brightfield).

Data from PEMF-treated and null groups will be com-
pared. UCH-L1: Ubiquitin C-terminal hydrolase-I.1 (UCH-
L1), a neuron-specific protein (also called protein gene
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product 9.5 or Park 5) involved in protein degradation via
the ATP-dependent proteosomal pathway, is abundant in
neuronal cell bodies. Mice bearing a spontaneous mutation
in this gene demonstrate behavioral disturbances and neu-
ronal loss, and mutations in humans are associated with
Parkinson’s disease, supporting a sustaining role for this
protein in neurons. Importantly, UCL-L1 was identified in a
proteomic screen of CSF as a biomarker for neuronal injury.
Studies have shown that UCH-L1 is released following
severe cortical impact injury and ischemia. This marker has
recently gained attention in the general press as a potential
CSF marker for brain injury in humans. Therefore, we will
evaluate the effects of PEMF on UCH-L1 in CSF, and we
will also assess levels in blood, as they can easily be
obtained before euthanasia. Although not commercially
available, we will devise an ELISA to quantify UCH-L1
using chicken and rabbit UCH-L1 polyclonal antibodies
(Cell Signaling and Thermo Scientific, respectively), as
described by others. Plates will be coated with anti-UCH-
L1, followed by washing and aliquots of CSF, or blood.
Protein will be identified with HRP-anti UCH-L1 and a
soluble substrate for peroxidase. Western blots for UCH-L1
(a 24 kD protein) will be run with selected samples to
validate ELISA data. Levels of UCH-L1 should be inversely
proportional to the extent of neuronal death.

Axonal Injury: A series of sections from injured animals
in PEMF and null groups and sham controls will be pro-
cessed for silver staining with this method. Briefly, mounted
tissue sections are pre-incubated in an alcoholic solution
containing silver and copper nitrates, washed in acetone, and
impregnated in silver nitrate with lithium and ammonium
hydroxides, followed by reduction in formalin, citric acid
and ethanol. After acidification, bleaching, and fixation,
slides will be coverslipped for viewing. Tissue sections will
be processed commercially (Neuroscience Associates,
Knoxville, Tenn.), as this technique requires a number of
hazardous solutions that require special processing and
disposal. Silver-impregnated, degenerating neurons and pro-
cesses will stain black, progressing to a Golgi-like intensity.
More lightly stained terminals and lysosomes may only be
apparent at earlier time points, as these structures often
degenerate prior to axonal loss. For quantification of degen-
eration, images will be digitized and the density of optical
staining over an assigned area of cortex will be quantified by
densitometry with Image J Software. This method has been
validated by others.

Predicted Results: The time course of pathological events
following TBI are the direct destruction of tissue (including
neurons) if the injury is invasive, followed by edema,
inflammation, axonal injury, and subsequently delayed neu-
ronal death. The Marmarou weight-drop method induces all
of these events in a more protracted fashion. Cell culture
experiments indicate that neuronal survival is increased with
PEMF directly in response to an excitotoxic insult, suggest-
ing that neurotoxicity due to ischemia and subsequent
release of glutamate may also be attenuated by PEMF
signals in vivo. Because brain swelling and inflammation
result in indirect neurotoxicity, increased survival by PEMF
is also predicted for this pathway. Positive results will
confirm that treatment with PEMF signals can be used to
attenuate the damage caused by traumatic, closed head
injury and may have therapeutic implications for other types
of TBI as well as more acute and chronic neurodegenerative
diseases, such as stroke, Alzheimer’s disease, and Parkin-
son’s disease where many of these same mechanisms are
known to be involved.
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Example 11

In this example, rats will be subjected to the Marmarou
weight-drop TBI model to produce moderate behavioral
deficits. Individual naive animals will be subjected to gen-
eral assessments and sensorimotor behavioral testing. Those
animals whose behavior falls in the normal range will
receive moderate TBI using the weight-drop model and will
be randomly assigned to receive PEMF or null signals using
the regimen of 5 minutes every 20 minutes. At 1, 2, 7, 14,
and 21 days after injury, animals will be re-assessed for
general behaviors and neurological function to quantify the
magnitude of these basic deficits. At 1 month after surgery,
animals will be transported to the Bronx VA for long-term
cognitive testing. After acclimation to the VA animal holding
facility (2 weeks), testing will take place over 8 weeks for
each animal by the same technician.

Rats will first be evaluated for general health and spon-
taneous and elicited behavior. These basic observations will
be supplemented with an assessment of motor, sensory and
general activity level using rotarod, grip strength, balance
beam, and tail-flick analgesia tasks to determine whether the
injury has affected the general health status and overt
behavioral profile of the rat in a way that would make its
general behavior incompatible with more complex behav-
ioral assays. Moreover, if specific deficits are identified in
the basic screen, we may be able to alter the choice of more
complex behavioral assays to account for the deficit. We will
then proceed to more detailed testing. Rats will be observed
in an open field assay to assess both general motor activity
and anxiety related behavior, and an elevated plus maze as
an additional indicator of anxiety related behavior. In the
cognitive domain we will administer at least three tests
designed to measure learning and memory related functions:
1) the Morris water maze, a standard test of hippocampal
dependent spatial memory 2) a test of contextual and cued
fear conditioning, which is highly dependent on amygdaloid
function and requires a set of motor and sensory abilities
distinct from those required for spatial navigation, and 3) a
Y-maze task, a test of working memory. We will also
measure response to acoustic startle and pre-pulse inhibition
as measures of auditory function and sensory gating, physi-
ological functions that can be affected in TBI.

Order of testing and timetable: Carryover effects can
significantly confound behavioral testing in rodents. The
testing order will be as described except that the cued fear
conditioning and Morris water maze tests will be performed
last in the sequence, as these include the most demanding
and stressful tasks. Based on our prior experience in rodent
behavioral work, testing will require: Basic screen
(SHIRPA) (7 days), Rotarod (2 days), Grip strength (1 day),
Tail flick (1 day), open field (3 days), elevated plus maze (2
days), Morris water maze (4 weeks), contextual/cued fear
conditioning (2 days), Y-maze (2 days) and acoustic startle/
PPI (2 days) or approximately 8 weeks of testing.

Data analysis: Data will be analyzed using GraphPad
Prism 5.0 (GraphPad Software, San Diego, Calif.) or SPSS
18.0 (SPSS, Chicago, I11.) software as in previous studies.
Depending on the behavioral test, statistics will employ
univariate or repeated measures analysis of variance
(ANOVA), unpaired t-tests or linear regression. Equality of
variance will be assessed using the Levene test and when it
is not significant (p>0.05) between-group comparisons will
be made with unpaired t-tests (Student’s) or Tukey post-hoc
tests. If the Levene statistic is significant (p<0.05) unpaired
t-tests will be used using the Welch correction for unequal
variances. For repeated-measures ANOVA, sphericity will
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be assessed using Mauchly’s test. If the assumption of
sphericity is violated (p<0.05, Mauchly’s test), significance
will be determined using the Greenhouse-Geisser correction.

Predicted Results: Data from PEMF and null groups will
be compared with naive animals to determine the degree of
deficit and with each other to determine whether PEMF
signals improve neurological function. It is expected that
PEMF treatment will show a decrease in the degree of initial
deficits and/or accelerate or enhance the degree of recovery.

As for additional details pertinent to the present invention,
materials and manufacturing techniques may be employed
as within the level of those with skill in the relevant art. The
same may hold true with respect to method-based aspects of
the invention in terms of additional acts commonly or
logically employed. Also, it is contemplated that any
optional feature of the inventive variations described may be
set forth and claimed independently, or in combination with
any one or more of the features described herein. Likewise,
reference to a singular item, includes the possibility that
there are plural of the same items present. More specifically,
as used herein and in the appended claims, the singular
forms “a,” “and,” “said,” and “the” include plural referents
unless the context clearly dictates otherwise. It is further
noted that the claims may be drafted to exclude any optional
element. As such, this statement is intended to serve as
antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.
Unless defined otherwise herein, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. The breadth of the present invention is
not to be limited by the subject specification, but rather only
by the plain meaning of the claim terms employed.

What is claimed is:

1. A non-invasive method for treating a traumatic neuro-
logical injury or condition in a patient in need thereof, the
method comprising:

externally placing a pulsed electromagnetic device in

proximity to a target region for treatment through a
skull;
generating a first pulsed electromagnetic field from a
pulsed electromagnetic field source, having a strength
of 200 milliGauss or less wherein the pulsed electro-
magnetic field comprises bursts of between 5-50 MHz
sinusoidal waves, wherein the bursts repeat at between
0.01 and 100 Hz;

applying the external pulsed electromagnetic field to the
target region affected by the neurological injury or
condition, wherein the neurological injury or condition
includes traumatic brain injury (TBI); and

reducing a physiological response to the neurological

injury or condition by applying the external pulsed
electromagnetic field.

2. The method of claim 1, wherein the physiological
response is inflammation.

3. The method of claim 1, wherein the physiological
response is increased intracranial pressure.

4. The method of claim 1, further comprising monitoring
the physiological response; and

continuing to apply the pulsed electromagnetic field until

an acceptable level of the physiological response is
reached.

5. The method of claim 4, wherein the physiological
response is increased intracranial pressure and the accept-
able level is below about 20 mmHg.
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6. The method of claim 1, wherein generating the pulsed
electromagnetic field comprises a 2 msec burst of 27.12
MHz sinusoidal waves repeating at 2 Hz.

7. The method of claim 1, wherein the pulsed electro-
magnetic field comprises a 3 msec burst of 27.12 MHz
sinusoidal waves repeating at 2 Hz.

8. The method of claim 1, wherein the pulsed electro-
magnetic field comprises a 4 msec burst of 27.12 MHz
sinusoidal waves repeating at 2 Hz.

9. The method of claim 1, wherein the pulsed electro-
magnetic field comprises about a 1 msec to about a 10 msec
burst of 27.12 MHz sinusoidal waves repeating at about 1
Hz to about 10 Hz.

10. The method of claim 1, wherein the pulsed electro-
magnetic field comprises an ISM carrier frequency modu-
lated at about a 1 msec to about a 10 msec burst repeating
at about 1 Hz to about 10 Hz.

11. The method of claim 1, wherein the physiological
system is the central nervous system.

12. The method of claim 1, wherein the physiological
system is the cardiac system.

13. The method of claim 1, wherein the physiological
system is the pulmonary system.

14. The method of claim 1, wherein the electromagnetic
field comprises a waveform that modulates at least one
biological signaling pathway.

15. The method of claim 1, wherein the target region is a
brain of the patient.

16. The method of claim 1, further comprising prior to
generating the pulsed electromagnetic field from the pulsed
electromagnetic field source:

pre-programming a pulsed electromagnetic waveform to

treat the target brain region affected by the traumatic
brain injury (TBI);

placing the pulsed electromagnetic field source adjacent

to the target brain region for treatment through a skull;
wherein generating the pulsed electromagnetic field from

the pulsed electromagnetic field source includes the

pre-programmed pulsed electromagnetic waveform.

17. A non-invasive method for treating a traumatic neu-
rological injury or condition in a patient in need thereof, the
method comprising:

externally placing a pulsed electromagnetic device in

proximity to a target region for treatment through a
skull;
generating a first pulsed electromagnetic field from a
pulsed electromagnetic field source, having a strength
of 200 milliGauss or less wherein the pulsed electro-
magnetic field comprises bursts of between 5-50 MHz
sinusoidal waves, wherein the bursts repeat at between
0.01 and 100 Hz;

applying the first pulsed electromagnetic field in proxim-
ity to a target region affected by the neurological injury
or condition, wherein the neurological injury or con-
dition includes traumatic brain injury (TBI);
reducing a physiological response to the neurological
injury or condition for a first treatment interval by
applying the first pulsed electromagnetic field;

discontinuing the application of the first pulsed electro-
magnetic field for an inter-treatment period greater than
zero; and

applying a second pulsed electromagnetic field in prox-

imity to the target region.

18. The method of claim 17, wherein the first and second
pulsed electromagnetic fields are substantially the same.
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19. The method of claim 17, further comprising

monitoring the physiological response; and

modifying the first pulsed electromagnetic field to the

second pulsed electromagnetic field in response to the
monitoring step.

20. The method of claim 17, further comprising

monitoring the physiological response; and

discontinuing treatment once an acceptable level of the
physiological response is reached.

21. The method of claim 17, further comprising attenu-
ating inflammatory cytokines and growth factors at the
target region by applying the first pulsed electromagnetic
field or the second pulsed electromagnetic field to the target
region.

22. The method of claim 17, further comprising acceler-
ating the healing of the target region by applying the first
pulsed electromagnetic field or the second pulsed electro-
magnetic field to the target region.

23. The method of claim 17, wherein applying the first
pulsed electromagnetic field in proximity to a target region
affected by the neurological injury or condition to reduce a
physiological response comprises reducing a concentration
of TL-Ip.

24. The method of claim 17, further comprising increas-
ing a growth factor in the target region.

25. The method of claim 24, wherein increasing a growth
factor in the target region enhances angiogenesis.

26. The method of claim 24, wherein increasing a growth
factor in the target region enhances nervous tissue regen-
eration.

27. The method of claim 24, wherein the growth factor is
selected from the group consisting of FGF-2, VEGF, and
BMP.

28. The method of claim 17, wherein the target region is
a brain of the patient.

29. The method of claim 17, wherein the inter-treatment
period is greater than two hours.

30. A non-invasive method for treating a traumatic neu-
rological injury or condition in a patient in need thereof, the
method comprising:

externally placing a pulsed electromagnetic device in

proximity to a target region for treatment through a
skull;

pre-programming a pulsed electromagnetic waveform to

treat a target brain region affected by a neurological

10

15

20

25

30

40

40

injury or condition, wherein the neurological injury or
condition includes traumatic brain injury (TBI);

placing the pulsed electromagnetic device adjacent to the
target brain region;
generating a pulsed electromagnetic field from a pulsed
electromagnetic field source, having a strength of 200
milliGauss or less wherein the pulsed electromagnetic
field comprises bursts of between 5-50 MHz sinusoidal
waves, wherein the bursts repeat at between 0.01 and
100 Hz, the pulsed electromagnetic field including the
pulsed electromagnetic waveform;
applying the pulsed electromagnetic field to the target
brain region affected by the traumatic brain injury; and

accelerating and increasing the binding of Ca2+ to
Calmodulin in the target brain region and reducing a
physiological response to the traumatic brain injury by
applying the pulsed electromagnetic field.
31. A non-invasive method of promoting neurological
repair or growth following a traumatic neurological injury or
condition comprising:
placing a treatment coil of a self-contained, lightweight,
and portable treatment apparatus externally to a target
treatment site through the skull in need of repair or
development, wherein the treatment apparatus com-
prises a conformable coil having one or more turns of
wire and a control circuit;
generating an electromagnetic field using the treatment
coil, having a strength of 200 milliGauss or less
wherein the pulsed electromagnetic field comprises
bursts of between 5-50 MHz sinusoidal waves, wherein
the bursts repeat at between 0.01 and 100 Hz;

delivering the electromagnetic field to the target treatment
site using the treatment coil; and

reducing a physiological response to the neurological

injury or condition by delivering the electromagnetic
field, wherein the neurological injury or condition
includes traumatic brain injury (TBI).

32. The method of claim 31, further comprising delivering
the electromagnetic field for a period of about 1 minute to
about 240 minutes.

33. The method of claim 31, wherein the physiological
response is a cognitive deficiency.

34. The method of claim 31, wherein the target treatment
site is a brain.



